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BILATERAL HYPOPLASTIC CYSTIC KIDNEYS 


REPORT OF A CASE SIMULATING CHRONIC DIFFUSE NEPHRITIS 


IN A GIRL THREE YEARS OF AGE * 


CARL H. GREENE 


ROCHESTER, MINN, 


“ Functional insufficiency of the kidney in early infancy produces 
characteristic clinical findings. These are best seen in cases of con- 
genital chronic nephritis.!. Children so affected show great develop- 
mental disturbances dating from early life, if not from birth. 
Associated with the developmental disturbance are stunting and back- 
wardness in growth, difficulty in feeding, anemia and rachitis\ More 
direct evidence of renal insufficiency is given by the excretion of a large 
volume of dilute urine with a low specific gravity)\This urine contains 
a slight amount of albumin, and casts are present in small numbers. In 
those cases in which it has been determined, the phenolsulphonepth- 
thalein excretion is low. ; Death usually results from uremia./ The 
pathologic picture in these cases is similar to, if not identical with, that 
seen in the chronic diffuse nephritis of adults. 

The clinical findings in such cases, however, are determined by the 
functional rather than by the morphologic changes in the kidneys. Any 
renai lesion that will cause the same type of renal insufficiency will pro- 
duce the same clinical changes. I wish to report a case in which the 
clinical symptomatology was identical with that described above, but in 
which the functional changes were produced by an entirely different 
renal lesion. 

REPORT OF CASE 

M. V. W. (Harriet Lane Dispensary, No. 20620), aged 3% years, of Ameri- 
can parentage. 

Family History—Unimportant. Third pregnancy. The second child was 
stillborn at full term. No history of nephritis in any of the immediate relatives. 

Past History—Spontaneous delivery at term. Birth weight, 5 pounds. The 
child was breast fed for only a short time and then was placed on whole cow’s 


milk to the age of 8 months. The whole milk was then replaced by condensed 
milk with the addition later of a little rice and potato. The first teeth appeared 





* Received for publication, April 14, 1922. 

* From the Department of Pediatrics and the Pathologic Laboratory, Johns 
Hopkins University, and the Harriet Lane Home of the Johns Hopkins Hospital. 

1. Greene, C. H.: Chronic Diffuse Nephritis in Childhood. Report of a Case 
with a Review of the Literature, Am. J. Dis. Child. 23:183 (March) 1922. 
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when 1 year old. She sat alone at this time though she never walked. At the 
age of 8 months she is said to have had several convulsions in immediate 
succession, followed by stupor for the next day or two and then by pneumonia. 
When about 2 years old there was a similar illness accompanied by five con- 
vulsions in one day. No convulsions have followed this second attack though 


there was a history of irregular “spells of fever.” 

Examination at the first visit to the dispensary showed an underdeveloped 
child with a marked degree of rachitis, The urine contained a trace of albumin 
but no casts. The patient was treated in the dispensary for five months, during 
which time regulation of her diet was attempted and cod liver oil, phosphorus and 
bitter wine of iron were given. The weight increased, from 21 to 22 pounds, but 
feeding was difficult and she never ate well. She was admitted to the Harriet 
Lane Home August 1, with a temperature of 103 F. after having been feverish 
and irritable for about a week. 

Physical Examination—The patient was a markedly undernourished and 
underdeveloped child. Though 3% years old the weight was only 22 pounds 
(average weight for age 33.5 pounds). Anemia was marked and the skin pre- 
sented a uniform ivory-like pallor. The child was rachitic with extreme 
deformity of the head, chest and extremities. Muscular development was poor 
although she was able to sit up unsupported. No effort was made to stand or 
walk and the tibial bowing would have rendered the feat difficult. She talked 
with a fair degree of distinctness and there was no apparent mental retardation. 

Head: Typically rachitic in shape, large and square with pronounced frontal 
and parietal bosses. The anterior fontanel was open admitting one finger tip. 
The eyes and ears were normal. The throat showed slight injection of the 
pharynx and hypertrophy of the tonsils. The lips and mucous membranes were 
anemic. 

Chest: Markedly rachitic in type with great flattening of the sides and a 
nearly rectangular cross section. Harrison’s groove was prominent and was 
further accentuated by the flaring of the lower ribs. A distinct rosary was 
present. Respirations were quiet; abdominal in type. 

Lungs: Clear on percussion and auscultation. 

Heart: The relative cardiac dullness measured 1 by 6.5 cm. at the fifth 
interspace with the point of maximum impulse 6 cm. from the midsternal line. 
The heart sounds were clear and the aortic second sound was not accentuated. 
The pulse was regular in rate and rhythm and of good quality. 

Abdomen: Large and distended. The muscle tone was poor. No fluid 
could be made out. The liver was enlarged, extending 4 cm. below the costal 
margin. The edge was smooth and sharp. The spleen was greatly enlarged, 
measuring 6 by 10 cm. and extending from the twelfth rib behind nearly to the 
iliac crest and a third of the way to the umbilicus anteriorly. The kidneys 
were not palpable. 

Extremities: Marked distortion of all the long bones was present. The 
humeri appeared relatively short owing to bowing. The radius was nearly 
1 cm. longer than the ulna, leaving the hand in a position of extreme adduction. 
The femora also showed bowing. The lower third of the tibia was: bent pos- 
teriorly through an angle of nearly 90 degrees leaving the long axis of the 
foot in a plane parallel to the axis of the leg. Muscular weakness was marked. 

Tendon reflexes: Present and equal on both sides though they were very 
feeble. 

Laboratory Reports—Blood examination: Leukocytes, 13,350; erythrocytes, 
2,460,000; hemoglobin (Sahli), 43 per cent. Differential count: Polymorpho- 
nuclear neutrophils, 35 per cent.; polymorphonuclear eosinophils, 6 per cent.; 
polymorphonuclear basophils, none; lymphocytes, 33 per cent.; pathologic 
lymphocytes, 9 per cent.; large mononuclears, 3 per cent.; transitionals, 6 per 
cent.; myelocytes, 1 per cent.; myeloblasts, 2 per cent.; unclassified, 5 per cent. 
The red cells were pale with some poikilocytosis and rather marked anisocytosis. 
The platelets were diminished in number. The blood picture was that of a 
severe secondary anemia with a moderate degree of bone marrow stimulation. 
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Fig. 1—Photograph of the patient. The costal margins and the edge of the 
liver and spleen are outlined. 











Fig. 2—Roentgenogram of the leg showing the bowing of the tibia and the 
rachitic changes at the ankle and knee. 




















Fig. 3—Section through the costochondral junction showing the extensive 
rachitic changes. Three distinct lines of healing. Stained with silver to show 
the calcium phosphate deposits 
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Urine: Pale yellow, faintly acid. Specific gravity, 1.009. Albumin (Esbach), 
1.5 gm. per liter. A trace of acetone was present. No sugar, bile or blood. 
Microscopic examination showed many epithelial cells, a few pus cells but 
no casts. 

Phenolsulphonephthalein excretion in two hours was 7 per cent. 

Total urine: Twenty-four hour specimen of urine showed some polyuria 
and a distinct tendency toward fixation of the specific gravity and nitrogen 
concentration. Day urine, 9 a. m. to 9 p. m.: 400 c.c., specific gravity, 1.009; 
nitrogen, 0.22 per cent. Night urine, 9 p. m. to 9 a. m.: 260 c.c.; specific gravity, 
1.011; nitrogen, 0.22 per cent. Total urine in twenty-four hours: 660 c.c.; 
specific gravity, 1.010; nitrogen, 0.22 per cent. 

Wassermann and tuberculin reactions were negative. 

Course in Hospital—The temperature returned to normal soon after admis- 
sion but food was refused or only taken poorly. In addition to the polyuria, 
polydipsia and pollakiuria were marked. A _ repetition of the phenolsul- 
phonephthalein test on a catheterized specimen gave a 4 per cent. return. 

There was no marked change in the general condition until August 6, when 
the child became very much weaker, developed hyperpnea and became stuporous. 
Respirations were slow, labored and stertorous. The pulse was weak and feeble 
with a marked pulsus alternans. The maximum systolic blood pressure varied 
between 100 and 108 with nearly 20 mm. difference in the systolic pressure of 
alternate beats. The diastolic blood pressure was between 65 and 70. The 
carbon dioxid capacity of the blood at this time was 18 volumes per cent. and 
the nonprotein nitrogen was 48 mg. per 100 c.c. Examination of the eye grounds 
revealed slight diffuse congestion, but no suggestion of albuminuric retinitis. 
Sodium bicarbonate was given by mouth in large doses with gradual improve- 
ment. The following day the carbon dioxid capacity of the blood had increased 
to 26 volumes per cent. Two days later the hyperpnea ceased though the urine 
continued to show large quantities of acetone and diacetic acid. Five days later 
(August 13) the patient had apparently recovered and was in fairly good condi- 
tion. She was brighter and more alert and able to take her feedings well. 

There was very little change in the general blood picture. Leukocytes, 
17,500; erythrocytes, 2,550,000; hemoglobin (Sahli), 41 per cent. 

Urine: A clear, lemon yellow, acid specimen. Specific gravity, 1.012. Albumin 
(Esbach) 1.75 gm. per liter. No acetone or diacetic acid present. 

Phenolsulphonephthalein excretion in two hours was 6 per cent. 

Carbon dioxid capacity of the blood was 35 volumes per cent. Blood 
pressure: systolic, 96; diastolic, 60; with no alterations of the pulse. 

\t this time a cystoscopic examination was made. Abdominal palpation 
under anesthesia was apparently negative, as neither kidneys nor ureters could 
be palpated, though the liver, spleen and pancreas were easily felt. Cystoscopic 
examination showed a normal bladder. Urine cultures were negative. 

Owing to the poor condition of the patient (the weight had fallen to 18 
pounds) and the increasing anemia, transfusion was determined on. August 16, 
the child was given 175 c.c. of citrated whole blood from the father. There 
was no reaction following the transfusion other than a slight rise in temperature. 
Improvement in the appetite and general condition was marked. Four days after 
transfusion the carbon dioxid capacity of the blood was 41 volumes per cent. 

Blood examination: Leukocytes, 9,000; erythrocytes, 3,560,000; hemoglobin 
(Sahli), 60 per cent. Differential count: Polymorphonuclear neutrophils, 26 
per cent.; polymorphonuclear eosinophils, 4 per cent.; polymorphonuclear baso- 
phils, 5 per cent.; lymphocytes, 37 per cent.; pathologic lymphocytes, 8 per cent. ; 
large mononuclears, 1 per cent.; transitionals, 5 per cent.; myelocytes, none; 
myeloblasts, 1 per cent.; unclassified, 13 per cent. The red cells were essentially 
normal. There were many poorly stained and fragile forms of leukocytes 
difficult of interpretation, but they were probably mostly lymphocytes. 

Urine: Slightly cloudy, pale yellow specimen, acid. Specific gravity, 1.012. 
Albumin (Esbach), 075 gm. per liter. No acetone or diacetic acid. Epithelial 
and a few pus cells were present but no casts. 
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Phenolsulphonephthalein: The two hour excretion was 8 per cent. 

The child continued to improve rapidly. She ate fairly well, but continued 
to be particular as to her diet, refusing eggs, though taking bread and milk, 
and gaining in weight. She was bright and alert. The pollakiuria became less 
marked but total samples were not saved so that we are unable to state whether 
this change was due to a lessening of the degree of polyuria or rather to 
lessened bladder irritability. Blood examination, September 1: Leukocytes, 
14,000; erythrocytes, 2,960,000; hemoglobin (Sahli), 70 per cent. There was no 
change in the differential count. The red cells were dark with some diffuse 
basophilia. Platelets were still diminished. Four normoblasts were seen. 




















Fig. 4—The two kidneys compared with a normal kidney from a child of the 
same age. 


Urine: Pale yellow specimen, acid; specific gravity, 1.013. Albumin (Esbach), 
0.75 gm. per liter. No acetone or diacetic acid. No casts or pus cells. 

Phenolsulphonephthalein: The two hour excretion was 10 per cent. 

The patient’s condition at this time was sufficiently satisfactory to warrant 
her discharge from the hospital. Weight, 20 pounds 6 ounces. 

She proved to be difficult to manage at home. Her appetite became pro- 
gressively poor and capricious so that finally she refused all food other than 
milk, rice and potatoes. She was given reduced iron, but the hemoglobin fell 
rapidly. She developed a cough and began to lose weight and was readmitted to 
the Harriet Lane Home, September 26. 

Examination at this time showed evidences of a severe anemia and recent 
loss of weight. There was a slight rhinopharyngitis. The patient's condition 
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otherwise was the same as on her first admission to the hospital. -The measure- 
ments of the liver and spleen were identical with the earlier ones. The systolic 
blood pressure was 102, the diastolic, 68. 

Blood examination, September 26: Leukocytes, 13,900; erythrocytes, 2,496,000; 
hemoglobin (Sahli), 28 per cent. 

Urine: Pale yellow specimen, acid; specific gravity, 1.011. Albumin positive. 
No acetone or diacetic acid. A few epithelial and white blood cells were present 
but no tasts or red blood cells. 

Phendlsulphonephthalein. The two hour excretion was 7 per cent. 


Fig. 5—Cortex of the kidney showing the large peripherally situated 
glomeruli and the enormously dilated tubules. 


The patient continued to present a difficult feeding problem during the 
remainder of her hospital course. She persistently refused all food but milk, 
rice and potatoes though she could be forced to eat small amounts of egg, 
scraped beef and vegetables. 

An Ewald breakfast October 12 revealed the presence of an hypochlorhydria. 
Removed at one hour it showed free hydrochloric acid, none; combined acid, 
24; hydrochloric acid deficit, 40. 

Dilute hydrochloric acid was then given in the hope that the appetite might 
be improved, but unavailingly. The child continued rapidly to lose weight. 
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Slight hyperpnea was observed October 18 and the carbon dioxid capacity of the 
blood was found to be 19 volumes per cent. The hydrochloric acid was then 
discontinued and sodium bicarbonate substituted. 

October 24, the child’s condition underwent a distinct change for the worse, 
associated with a progressively rising temperature and a rapid loss of weight. 
Vomiting made it necessary to stop all feedings and administer fluids by means 


Fig. 6.—Glomerulus showing the dilatation of Bowman's capsule and the 
round cell infiltration through the section. 


of the rectal drip method. Anuria developed October 27. The temperature 


remained in the neighborhood of 103 F. and death ensued on the following day. 

Macroscopic Findings (No. 6038)°—Body: The body was that of a small 
child greatly undersized for her age. The skin showed an extreme pallor and 
there were marked rachitic deformities present, accompanied by muscular 


2. I am indebted to Dr. J. Paul of the Department of Pathology for permis- 
sion to report the necropsy findings. 
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atrophy. The long bones of both arms and legs showed epiphyseal enlarge- 
ments and symmetrical bowing of the shafts, especially the tibias. Saber-shin 
and toe-drop deformities were present. The axillary and cervical lymph glands 
were easily palpable. 

On opening the peritoneal cavity the abdominal viscera appeared to be 
unusually pale. The serous surfaces were smooth and the cavity contained no 
uid. The viscera were normally disposed but the liver, slightly enlarged, 












Fig. 7.—Dilated and cystlike tubule showing the flattened epithelium, the 
communication between the different cysts, and the cellular débris filling the 
tubules. 











projected 1.5 cm. below the costal margin and the inferior end of an enlarged 
spleen was visible. Prominent and numerous lymph glands appeared in the 
mesentery. 

The thoracic cavity was narrow and compressed and the enlargements of 
the costochondral junctions stood out on its external surface and projected 
into the pleural cavities as nodules on the anterior thoracic wall. The heart 
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Papillary duct 


Fig. 8 Fig. 9 
Fig. 8.—Semidiagrammatic sketch to show the general relationship of the 
renal tubules and the cystic dilatations. Made from a dissection of the tubules 
by Dr. H. F. Traut. 


Fig. 9—Wax reconstruction of a dilated tubule to show the character of the 
cystic dilatations. The glomerulus, the proximal convoluted tubule, the loop of 
Henle and the beginning of the distal convoluted tubule are shown. 
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occupied the major portion of the lower thorax, its apex lying close to the 
left thoracic wall while the lower lobe of the left lung was practically entirely 
anterior to it. 

Heart: No hypertrophy of the heart was present; it was small, weighing 
only 50 gm. Both epicardium and endocardium were smooth. The valves were 
delicate and apparently competent. The myocardium appeared to be normal. 

Lungs: Both lungs were small and almost white in color, their consistency 
being everywhere soft and cushiony. The pleural surfaces showed an unusual 
degree of wrinkling. They were pale and somewhat opaque in appearance. 
On section the cut surface showed slightly atelectatic lung tissue. 

Spleen: The spleen was of unusual appearance. It was large, weighing 
100 gm. and measuring 9.5 by 4.5 by 2.5 cm. It was dark purple in color and 
very firm in consistency. It was tense and smooth. On section the splenic 
pulp was dark red and firm. Many prominent, but small, greyish malpighian 
bodies were visible. 


Mesenteric lymph glands: These glands, averaging 0.5 cm. in length, 
appeared in great numbers throughout the proximal portions of the mesentery. 
Liver: The liver was large, weighing 500 gm. and measuring 13.5 by 7.5 


by 7 cm. Its color was pale brown, in keeping with the pallor of the other 
organs. It was somewhat mottled and many small fatty areas were present. 
“hese were light in color and diffuse in distribution, appearing both on the 
surface and on section. 

Suprarenals: These organs showed no gross abnormalities. 

Kidneys: The picture presented by the kidneys was most unusual. Both 
organs were atrophic, the right more so than the left. The left kidney weighed 
only 10 gm. and its dimensions were 5 by 3 by*1.5 cm. It was pale grayish 
red. The surface was quite smooth, the capsule stripped with ease and prac- 
tically no signs of fetal lobulations were present. On section, the renal pelvis 
appeared relatively large, considering the small size of the organ. Distortion 
of the normal kidney architecture was present, and the cortex was very thin 
and ill defined, measuring about 2 or 3 mm. in width. In its place and in the 
columns of Bertini and in the distal portions of the medulla the tissue appeared 
as a fine, loose meshwork, composed of irregularly dilated tubules or innumer- 
able small irregular cysts. The cortical striations were masked by this picture. 
Throughout the medulla an increase in fibrous tissue was present. 

The right kidney was smaller, weighing only 7 gm., and measuring 4 by 2.5 
by 1.5 cm. It was similar in appearance to the left. The cortex was again ill 
defined and almost microscopic. 

Both ureters showed some dilatation, the one on the left being slightly 
larger than the right. No demonstrable ureteral strictures were present. 

Bladder: Contained a few cubic centimeters of very cloudy urine. The 
mucous surface of the bladder was normal but very pale. Over the trigone 
there were numerous submucous hemorrhages. Hemolytic streptococci, staphylo- 
cocci and colon bacilli were grown from a urine culture taken at the time of 
necropsy. 

Intestines: Peyer’s patches were prominent, especially in the region of the 
ileocecal valve. 

Bones: Great enlargement, as described above, of the costochondral junc- 
tions was present. This was especially noticeable from the third to the eighth 
rib. On section the line of demarcation between cartilage and bone was thick 
and irregular. 

Bone marrow: The marrow from the right femur was unusually hyperplas- 
tic. It had the appearance of dark red jelly. 

3rain: The brain did not show any gross abnormalities. 

Microscopic Findings—Heart: Sections show normal heart musculature. 

Lungs: A considerable degree of atelectasis was present with compression 
and thickening of the alveolar walls. There was also an excess of peribronchial 
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fibrosis. A heavy, thick, subpleural layer of fibrous tissue was present and the 
pleura was elevated into folds which lay lengthwise along the lung surface, 
compressing the tissue beneath them. There had been metaplasis of the lining 
cells of the pleura, and instead of the usual flattened serosal cells, the pleura 
was composed of high columnar cells with distally placed nuclei. 

Spleen: There was a noticeable decrease in fibrous trabeculae and a great 
predominance of endothelial cellular elements present in the splenic pulp. The 
malpighian corpuscles were prominent, numerous, and showed pale centers filled 
with large vesicular cells, but with a peripheral ring of dark, small round cells. 
Throughout the splenic pulp a great number of red blood corpuscles were seen 
and normoblasts were undoubtedly present. 

Liver: The section presented a uniform appearance, but the portal spaces 
were abnormally distinct, showing an increase in fibrosis and the presence of 
small round. cells and fibroblasts in close association with the bile ducts, a peri- 
biliary reaction. Surrounding these portal spaces there was pronounced vacuoli- 
zation of the liver cells and peripheral degeneration of the lobules. Signs of 
a hematogenous function were present, for many of the sinusoids distributed 
evenly throughout the section contained a few small cells -with dark, pyknotic 
nuclei resembling groups of normoblasts seen in the liver of newly born or 
premature children. 

Suprarenals: Sections of the suprarenals did not show any abnormality. 

Kidneys: The microscopic picture will be discussed later. 

Bladder: Two sections through the bladder wall, one taken from the region 
of the trigone and one from the fundus, appeared normal and showed little 
or no histologic evidence of cystitis. 

Costochondral junctions:* The rachitic deformities were extreme. The 
changes in the bones as revealed by both the roentgen-ray and histological exam- 
ination were most extensive. They differed, moreover, from the changes ordi- 
narily found in rachitis. The proliferative cartilage was most irregular and 
the calcification was defective. In the deep metaphysis were large islands of 
cartilage bordered on one or more sides by dense calcium deposits. These 
islands of cartilage gave the metaphysis, as seen in the roentgenogram, a honey- 
comb appearance. The trabeculae were thin and the osteoid borders, compara- 
tively speaking, narrow. Surrounding the trabeculae and islands of cartilage 
and lying between them was loose fibrous tissue. Obviously, for a long time 
the pathologic condition in the bones had been in a state of flux between healing 
and relapse. 

Bone marrow: A smear taken at the time of necropsy and stained with 
Wright’s stain showed many well-formed red blood cells which varied consid- 
erably in size. The number of nucleated forms appeared to be normal; normo- 
blasts markedly predominating. There was no basophilia. The number of 
white blood cells present was normal. Some myelocytes and an occasional 
myeloblast were present. Many undifferentiated mononuclear cells with finely 
reticulated, purplish staining, nuclei were seen. These were the normal, undif- 
ferentiated bone marrow cells. 

Sections stained with both hemotoxylin and eosin and Wright’s stain showed 
a very hyperplastic marrow. The predominating cells showed large vesicular 
nuclei, and could not be classified other than as undifferentiated bone marrow 
cells. Great numbers of early cells of the granular series were present and 
they predominated over the early red cells. Normoblasts were frequent, but 
only an occasional megaloblast was seen. Great numbers of large megakaryo- 
cytes were seen scattered through the marrow. 


DISCUSSION OF CLINICAL FINDINGS 


\ Clinically, the findings in this case were those of a long standing 
renal insufficiency and were identical with those seen in the cases of 


3. I am indebted to Dr. E. A. Park for the discussion of the changes in the 
bones. 
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typical chronic interstitial nephritis. In this case the family history 
was negative. The condition was present from birth but symptoms of 
renal disturbance first appeared at the age of 8 months. At this time 
the child had convulsions that probably marked the first of a series of 
uremic attacks. 

Following the convulsions, the patient was put on a faulty diet and 
evidences of rachitis followed. The character of the diet was due, in 
part, to the ignorance of the parents, but in even greater measure it 
was due to the idiosyncrasies of the patient. Difficulty in feeding was 
always present and during her stay in the hospital the child would eat 
only milk, rice and potato unless forced to take other things. Similar 
cases have been reported by Oppenheim * and Paterson *° among others. 
It is not surprising that an extreme degree of rachitis should develop on 
such a diet.° It must be recognized, however, that other factors * may 
have entered into the development of the rachitis in this child.* A 
marked degree of renal insufficiency was also present. 

Blood smears taken in this case showed a pronounced secondary 
anemia. Similar blood changes are found in many cases of rachitis 
but the type of anemia found in infants is not specific in character * 
and the anemia in this child may have been due, in part, to the renal 
insufficiency as well as to the rachitis. The remarkable clinical 
improvement following a single transfusion is of interest. This is 
especially so since there apparently was no great stimulation of the 
hemopoietic system. The increase in the erythrocyte count lasted for 
about a month which corresponds well with the average life of the 

4. Oppenheim, A.: Ueber Schrumpfniere im Kindesalter, Inaug. Dissert. 
Halle, 1891. 

5. Paterson, D. H.: Three Cases of Renal Dwarfism Associated with Curious 
Bony Changes, Proc. Roy. Soc. Med. 13: Sec. Dis. Child., 107, 1920. 

6. The recent work of McCollum, Simmonds, Shipley and Park’ has indi- 
cated that rachitis may be caused by a disturbance in the balance of inorganic 
salts in the diet when combined with an insufficiency of an organic factor. Dis- 
turbance of the calcium-phosphate ratio was more effective in producing rachitic 
changes than was the absolute amount of these salts present in the diet. Phos- 
phate retention is known to be an accompaniment of nephritic acidosis. It 
would seem, therefore, that if renal insufficiency were to disturb the calcium- 
phosphate balance in the blood of a growing child, rachitis might result. Unfortu- 
nately, accurate blood studies were not possible in the present instance, and we 
are unable to present, at the present time, the experimental data requisite to 
prove this hypothesis. The problem of “renal rickets” has recently been dis- 
cussed in detail by Shipley, Park, McCollum and Simmonds." 

7. McCollum, E. V.; Simmonds, N.; Shipley, P. G., and Park, E. A.: Studies 
in Experimental Rickets. VIII. The Producticn of Rickets by Diets Low in 
Phosphorus and Fat-Soluble A, J. Biol. Chem. 47:507, 1921. 

8. Shipley, P. G.; Park, E. A.; McCollum, E. V., and Simmonds, W.: Is 
There More Than One Kind of Rickets? Am. J. Dis. Child. 22:91 (July) 1922. 

9. Evans, F. A., and Happ, W. M.: Secondary Anemia of Infants. A Study of 
the So-Called Infantile Splenic Anemia or Anemia Infantum Pseudoleukemica, 
Johns Hopkins Hosp. Bull. 33:1, 1922. 
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transfused blood corpuscle.’° During this period there was a great 
improvement in the general condition of the patient and even a slight 
increase in the phenolsulphonephthalein output, indicating that the 
kidneys were functionally benefited by the general improvement. 

The functional efficiency of the kidneys in this child was low. 
Increased frequency of urination had been noticed at home. In the 
hospital a moderate increase in the fluid intake and output was noted. 
The specific gravity of the urine was low, the limits of variation being 
from 1.005 to 1.012. A fixation test was not done, but on comparing 
the total day and night urines there was a definite suggestion of a 
fixation of the specific gravity and an inability to concentrate the 
nitrogenous excreta. As in the case of Paterson the phenolsulphone- 
phthalein excretion was extremely low. 

Albumin was present in the urine throughout the whole period of 
the disease. The amount was increased during the uremic attacks, but 
was never large. No Bence-Jones or protein body other than serum 
protein was demonstrable in the urine: Casts were absent even during 
the terminal stages of the disease. 

The blood chemistry has not previously been reported on in this 
type of case and it is to be regretted that complete blood analysis was not 
possible. The nonprotein nitrogen was 48 mg. per 100 c.c., a value 
which may be compared with the figures of Schlutz and Pettibone ** 
of from 23 to 40 mg. in the blood of new born infants, of Tileston and 
Comfort *? of from 20 to 34 mg., of Leopold and Bernhard ** of from 
19 to 40 mg. in the blood of normal children, and of Leopold and Bern- 
hard ?* of from 34 to 52 mg. in miscellaneous cases of chronic nephritis 
in childhood. It is apparent that there was a definite nitrogenous 
retention in the blood even though the type of this retention could not 
be determined. 

The systolic blood pressure was 108 and the diastolic 70. While this 
may indicate a slight hypertension for a child aged 31% years, it is not 
marked. There were no evidences of cardiovascular changes. 

Death was due to uremia, though starvation acidosis undoubtedly 
was a contributing factor. 


10. Ashby, W.: Determination of Length of Life of Transfused Blood Cor- 
puscles in Man, J. Exper. Med. 29:267, 1919. 

11. Schlutz, F. W., and Pettibone, C. J. V.: Quantitative Determinations 
of Nonprotein Nitrogen in the Blood of the New-Born, Am. J. Dis. Child. 10: 
206 ( Sept.) 1915. 

12. Tileston, W., and Comfort, C. W.: The Total Nonprotein Nitrogen and 
Urea of the Blood and the Phenolsulphonephthalein Excretion in Children, Am. 
J. Dis. Child. 10:278 (Sept.) 1915. 

13. Leopold, J. S., and Bernhard, L.: The Nonprotein Nitrogenous Constitu- 
ents of the Blood and the Phenolsulphonephthalein Test in Children, Am. J. 
Dis. Child. 11:432 (June) 1916. 
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DISCUSSION OF THE PATHOLOGIC FINDINGS 

The resemblance between the clinical findings in this case and those 
of chronic diffuse nephritis was marked. The clinical findings in both 
types of cases were determined by the extreme impairment of renal 
function but the kidney lesions were very different anatomically. 

In the majority of cases considered in a previous paper’ the 
pathologic findings in the kidney were similar to those found in the 
primary diffuse nephritis of adults. In the present case, the kidneys 
present a different pathologic picture. The sections were remarkable 
because of the marked dilatation of the tubules. This dilatation was 
general but was most marked in the peripheral half of the organ. In 
this peripheral zone the convoluted tubules assumed enormous propor- 
tions. They appeared as large, irregular, open spaces lined with 
epithelium, essentially cuboidal in type, and in a fair state of preserva- 
tion. In these areas of tubular dilatation the interstitial tissue was prac- 
tically insignificant and a picture not unlike lung tissue was formed. 
Most of the spaces contained coagulated fluid but a few cellular casts 
were seen. In the cortex the glomeruli showed great increase in size. 
The majority of the largest ones appeared close to the capsule of the 
kidney, but the glomerular hypertrophy was general. Signs of chronic 
inflammation, for the most part interstitial in character, were present 
throughout the entire section. It was most prominent close to the 
capsule where there was a peripheral zone of marked round cell infiltra- 
tion and fibrosis. The glomeruli themselves escaped direct involvement 
other than thickening of the capsule of Bowman. Through the zone of 
dilatation this inflammatory reaction was not marked, but in the region 
of the papillae there again was diffuse, round cell infiltration, and some 
interstitial fibrosis. Some of the papillary tubules showed epithelial 
proliferation. A few of them contained red blood cells but other signs 
of an acute nephritis were lacking. 

The appearance of the zone of dilated tubules suggested that this 
was a case of early congenital cystic kidney. Congenital cystic kidney is 
found under widely varying circumstances and an extensive literature 
has arisen concerning the mode of origin of the cysts. ,~ Numerous 
theories have been proposed to explain the development of the poly- 
cystic kidney but at present only two are seriously accepted: (1) the 
theory that the process is due to a neoplasm; (2) the theory that the 
process is due to congenital malformation. Various combinations of 
these two theories have also been proposed. 

The older theory of Virchow ** has been discarded completely. He 
assumed that the cysts in congenital cystic kidney were retention cysts 


14. Virchow, R.: Ueber congenitale Nierenwassersucht, Ges. Abhandl. z. 
Wissench. Med. Frankfurt, 1856, p. 864. 
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of inflammatory origin. Following an intrauterine papillitis or 
nephritis, the proliferation of scar tissue caused an obliteration of the 
collecting tubules with resultant cyst formation. Busse ** and Berner," 
in particular, have pointed out that the proliferation of the interstitial 
tissue is secondary to the cystic changes. In addition, Petterson '? pro- 
duced an experimental obliteration of the collecting tubules in rabbits by 
ligating the renal papilla. This resulted in a temporary dilatation of the 
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entire tubule followed by atrophy. Tollens'** found similar atrophy 
and destruction of the tubules following cauterization of the papilla. 
Brigidi and Severi’® first brought the theory of new growth into 
prominence. They observed epithelial proliferation in the tubules and 
the formation of epithelial nests which became converted into cysts by 
secondary degenerative changes. Papillary outgrowths from the epi- 
thelium of the dilated tubules were also observed. The changes in the 
kidney showed marked similarity to those occurring in cystadenomas 
of the ovary. Because of this the renal lesion was classified as a true 


) 


neoplasm. Nauwerck and Hufschmid *’ emphasized the evidence of 
new growth associated with congenital cystic kidney. They recognized 
buds from the tubules, intracystic papillary growths, and the develop- 
ment of epithelial cell nests. With Von Kahlden*! they emphasized 
the frequent association of cystic changes in the liver with cysts in the 
kidney. Von Kahlden, in particular, thought the changes in the liver 
were due to the adenoma or cystadenoma of the bile passage and the 
association of this condition with similar changes in the kidney spoke 
very strongly for the identity of the pathologic process involved in both 
instances. 

In two cases of congenital cystic kidneys and liver occurring in 
infants Bunting ** showed that there was a condition of hyperplasia of 
the duct epithelium with a tendency to cyst formation. This was most 
marked in the kidneys and liver but occurred to a less degree in the pan- 


15. Busse, O.: Ueber Cystenniere und andere Entwicklungsstérungen der 
Niere, Arch. f. path. Anat. u. Physiol. 175:442, 1604. 

16. Berner, O.: Zur Zystennierenfrage, Arch. f. path. Anat. u. Physiol. 241: 
265, 1913. 

17. Petterson, A.: Ueber die Veranderungen der Niere nach Lasion der 
Papille beim Kaninchen. Beitr. z. path. Anat. u. z. allg. Path. 33:605, 1903. 

18. Tollens: Ueber die Folgen der Markkegelobliteration der Kaninchenniere, 
Arch. f. path. Anat. u. Physiol. 177:477, 1904. 

19. Brigidi, V., and Severi, A.: Contributo alla pathogensi delle cisti renale, 
Lo Sperimentale 46:1, 1880. 

20. Nauwerck, C., and Hufschmid, K.: Ueber das multiloculare Adenokystom 
der Niere. Ein Beitrag zur Kenntniss der Cystenniere, Beitr. z. path. Anat. u. z. 
allg. Path. 12:1, 1893. 

21. Von Kahlden, C.: Ueber die Genese der multilocularen Cystenniere und 
der Cystenleber, Beitr. z. path. Anat. u. z. allg. Path. 13:291, 1893. 

22. Bunting, C. H.: Congenital Cystic Kidney and Liver with Family Ten- 
dency, J. Exper. M. 8:271, 1906. 
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creas. Bunting found some increase in the number of tubules but there 
was no sharp distinction between abnormal tubules and normal renal 
parenchyma. The evidence of epithelial hyperplasia was widespread, 
and Bunting did not think the diagnosis of adenocystoma justified. The 
familial character of his two cases lead him to a diagnosis of congenital 
malformation rather than of neoplasm. 

The familial and hereditary occurrence of congenital cystic kidney 





has been noted by many authors since the time of Virchow. Not only 
are congenital cystic kidneys frequently familial in origin but a long 
series of associated congenital malformations have been reported. Dun- 
ger ** and Meyer ** have both reviewed this literature in detail. 

The explanation of the mechanism for the origin of congenital cystic 
kidney as a congenital malformation have varied greatly with the con- 
ception of the normal development of the kidney current at the time. 
Hildebrand *° made use of the modern dualistic theory *° of the forma- 
tion of the permanent kidney. He postulated a failure of union between 
the collecting and convoluted tubules. The cysts were assumed to be 
retention cysts developing in the glomeruli and convoluted tubules. 
Ribber ** assumed the same type of developmental defect of the tubules 
but emphasized the importance of proliferative changes in the epi- 
thelium in their relation to cyst formation. This explanation of the 
mechanism of cyst formation has received much support from the 
reconstructions of the tubules from cases of congenital cystic kidney 
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made by Meader ** and Forssman.** 


Meader found glomeruli without uriniferous tubules, glomeruli with 
dilated capsules but no outlets, and glomeruli opening into short urinif- 
erous tubules which ended in cysts. Study made clear that the 
glomerulus and the proximal portion of the uriniferous tubule were 
the parts involved in his case, but Meader did not feel justified in draw- 
ing conclusions as to the mechanism responsible for the lesion. Forss- 
mann agreed with Hildebrand in thinking that the cysts were retention 


23. Dunger, R.: Zur Lehre von der Cystenniere mit besonderer Beriticksich- 
tigung ihre Hereditat, Beitr. z. path. Anat. u. z. allg. Path. 35:445, 1904. 

24. Meyer, E.: Ueber die Entwicklungst6rungen der Niere, Arch. f. path. 
Anat. u. Physiol. 173:209, 1903. 

25. Hildebrand, O.: Weiterer Beitrag zur pathologischen Anatomie der 
Nierengeschwilste, Arch. f. klin. Chir. 48:343, 1894, 

26. Felix, W.: The Development of the Urinogenital Organs, Manual of 
Human Embryology (Keibel and Mall), Philadelphia 2:752, 1912. 

27. Ribbert, H.: Ueber die Entwicklung der bleibenden Niere und die 
Enststehung der Cystienniere, Verhandl. d. deutsch. path. Gesellsch. 2:187, 1900. 

28. Meader, F. M.: A Study of the Anatomical Relations in a Congenital 
Cystic Kidney, Johns Hopkins Hosp. Bull. 18:353, 1907. 

29. Forssman, J.: Rekonstruktionen von Cystennieren, zugleich ein Beitrag 
zur Kenntnis der Entstehung von Cystennieren, Beitr. z. path. Anat. u. z. allg. 
Path. 56:500, 1912. 
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cysts. The proliferative changes in the epithelium are striking in many 
instances and Staemmler *° among others, admits the developmental 
defect in the tubule but insists that the secondary changes are neoplastic 
in character. McKinley ** has recently reviewed the subject of the 
epithelial changes in cystic kidney. He emphasized the similarity of 
the changes to those seen in compensatory hyperplasia of the kidney 
from other causes and suggested that the changes in the epithelium were 
expressions of compensatory effort in an organ whose functional 
capacity had been reduced by primary cystic changes. 

Failure of union of the two separate elements of the renal anlage 
will not explain the origin of all cases of cystic kidney. Von Mutach * 
and Bunting,** by a study of serial sections, were able to prove the 
continuity of the renal tubules in the cases reported by them. Berner ** 
also found carmine in the cysts after its injection into the ureter. 
In all of these cases well developed cysts were present. Retention 
alone will not suffice to explain the origin of the cysts. 

In order to study the true pathologic picture in the present case, 
the kidney tubules were modeled by the well known wax plate recon- 
struction method. Distortion of the sections by the dilatation of the 
tubules made reconstruction difficult but it was usually possible to 
follow any tubule through part of its course and several were followed 
through greater distances. The kidney was also studied by digestion 
in hydrochloric acid and dissection of the individual tubules.** 

The glomeruli were large and showed very little change although 
the tuft seemed to be somewhat looser and less compact than normal 
and the glomerular capsule was slightly distended. The changes in 
the tubules varied slightly in the different parts of the kidney but, 
in general, the first portion of the proximal convoluted tubule was 
only slightly dilated. Its epithelium was cuboidal and somewhat 
swollen and granular. The changes in the tubule first became striking 
in the second portion of the proximal convoluted tubule. This portion 
of the tubule was distorted out of all recognition by a series of large 
cystic dilatations. For the most part these dilatations approached the 
spherical although some were fusiform in shape. The epithelium 
of these cysts was primarily cuboidal although in many places it was 


30. Staemmler, M.: Ein Beitrag zur Lehre von der Cystenniere, Beitr. z. 
path. Anat. u. z. allg. Path. 68:22, 1921. 

31. McKinlay, C. A.: Epithelial Hyperplasia in Congenital Cystic Kidneys, 
J. Brot. 4:195, 1920. 

32. Von Mutach, A.: Beitrag zur Genese der congenitalen Cystennieren, 
Arch, f. path. Anat. u. Physiol. 42:46, 1895. 

33. Berner, O.: Die Cystenniere, Jena, 1913. 

34. I am indebted to Dr. W. G. MacCallum for suggesting this use of recon- 
struction methods in the study of the pathology of the tubule, and for much 
criticism and advice in the course of this study. 
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flattened as a result of distention or pressure. The epithelium was 
granular and in some of the cysts had become completely degenerated, 
filling the tubule with granular debris. Intercommunication between 
these saccular dilatations was for the most part quite free although 
in some cases there was constriction by intervening bands of interstitial 
fibrous tissue. 

This dilated portion of the tubule occupied the outer fourth or 
fifth of the kidney. The loops of Henle were of nearly uniform 
caliber throughout. The ascending limb of the loop of Henle and 
the distal convoluted tubule occasionally showed slight dilatation but 
this did not approach the cystlike character observed in the proximal 
convoluted tubules. The majority of the tubules showed well developed 
loops of Henle and opened into a collecting tubule in the usual manner. 
In others there was no loop of Henle and the descending portion 
of the tubule opened directly into the collecting tubule in the vicinity 
of the pelvis. The structure of these latter tubules was very sug- 
gestive of the type of embryonic tissue described by Traut.*® Both 
types of tubule showed much the same degree of cystic dilatation and 
apparently were equally affected by the pathologic process. 

The cysts in the kidney were not retention cysts for the changes 

in the tubules were changes in form and not of structure. There was 
no evidence of the type of developmental defect in the tubules that 
is reported as associated with congenital cystic kidney. Hydronephrosis 
follows obstruction in the urinary tract but this is associated with 
atrophy and not with dilatation of the individual tubules. 
—\The kidneys in the present cases were remarkable because of their 
small size. All degrees of failure in the renal anlage have been 
described, from complete absence of the kidney to relative hypoplasia 
on the one side or the other. Cystic change is present in such rudi- 
mentary kidneys as in the case reported by Sternberg ** and there is 
no sharp distinction between that condition and the hypoplastic cystic 
kidneys reported on by Von Mutach, Staemmler, or Schaefer.** 

In the present case the kidneys were greatly reduced in size and 
the cortex was much thinner than normal. The glomeruli were greatly 
reduced in numbers. No attempt was made at enumeration but it is 
evident that there was but a fraction of the normal number of renal 
tubules present. The kidneys present some slight evidence of inflam- 


35. Traut, H. F.: Personal communication to the author. I am greatly 
indebted to Dr. Traut for his dissection of the tubules and confirmation of the 
author’s findings in this case. 

36. Sternberg, C.: Zur Kasuistik der Nierendefekte und Miszbildungen des 
Urogenitalapparates, Wien. klin. Wchnschr. 20:130, 1907. 

37. Schaefer, F.: Ueber eine hypoplastiche und eine partielle Zystenniere, 
Frankfurt. Ztschr. f. Pathol. 26:128, 1921. 
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matory changes but this does not explain the reduction in the number 
of tubules. Particularly striking is the absence of atrophic changes 
in the tubules, especially when this kidney is compared with one from 
a case of chronic diffuse nephritis. The small size of the kidneys is 
due to a failure in development rather than to degeneration or atrophy 
of these organs. Clinically this case presented evidences of a marked 
renal insufficiency. The tubules showed some evidences of epithelial 
hyperplasia though this was never extreme and there were no papil- 
lomatous changes. McKinlay has pointed out that such changes are 
to be interpreted as a compensatory hyperplasia consequent to the 
renal insufficiency. The dilatation of the convoluted tubules must 
likewise be considered as an active process associated with functional 
hypertrophy. 
SUMMARY 

A case is reported of congenital cystic kidney in a girl, aged 3 
years. The clinical findings were the same as occur in chronic diffuse 
nephritis of congenital origin. The pathologic picture was that of 
bilateral hypoplasia of the kidneys with cyst formation. The renal 
tubules were characterized by marked cystlike dilatations, especially 
in the proximal convoluted tubules. There was no evidence of obstruc- 
tion and the dilatation apparently was secondary to functional hyper- 
trophy of the tubules. It should be emphasized that the clinical picture 
was determined by the functional insufficiency rather than by the 
pathologic changes in the kidney. 











ULTRAVIOLET RADIATION IN RICKETS 


EFFECT ON THE CALCIUM AND INORGANIC PHOSPHORUS 
CONCENTRATION OF THE SERUM * 


B. KRAMER, H. CASPARIS ann J. HOWLAND 


BALTIMORE 


Huldschinsky ' has shown conclusively that when children suffering 
from rickets are exposed repeatedly to the rays of the mercury vapor 
quartz lamp, healing of the rachitic process ensues. The changes were 
demonstrated by means of roentgenograms. The work has been amply 
confirmed by others. Howland and Kramer ? have reported the observa- 
tion that the inorganic phosphorus of the serum is markedly reduced 
in uncomplicated rickets and that the concentration of this substance 
rises to normal or slightly above normal limits following the regular 
administration of cod liver oil. Iversen and Lenstrup* have made a 
similar observation with regard to the acid solub!e phosphorus of the 
plasma. In a previous paper * the importance of a normal inorganic 
phosphorus concentration for the orderly progress of calcification has 
been emphasized. McCollum, Park and their associates have produced 
rickets in rats by administering a diet containing an excess of calcium 
but deficient in phosphorus and the unidentified antirachitic factor 
present in cod liver oil. Analyses by Kramer and Howland ® have 
shown that the concentration of inorganic phosphorus in the serum 
of such animals is reduced far below the normal level, while the calcium 
concentration remains normal. The concentrations of calcium and of 
inorganic phosphorus in the serum of these animals and in those of 
children suffering from rickets are essentially the same. Exposure of 
such animals to ultraviolet light, whether emanating from the mercury 

* Received for publication, June 1, 1922. 

* From the Harriet Lane Home and the Department of Pediatrics, The Johns 
Hopkins University. 

1. Huldschinsky, K.: Heilung von Rachitis durch ktnstliche Hohensonne, 
Deutsch. med. Wchnschr. 45:712 (June) 1919.. Die Behandlung der Rachitis 
durch Ultraviolett Bestrahlung, Ztschr. f. orthop. Chir. 39:426, 1920. 

2. Howland, J., and Kramer, B.: Calcium and Phosphorus in the Serum in 
Relation to Rickets, Am. J. Dis. Child. 22:105 (Aug.) 1921. 

3. Iversen, P., and Lenstrup, E.: F6érste Ved. Nordiske Kongres for 


Paediatri, 1919, p. 79. 

4. McCollum, E. V.; Simmonds, N.; Shipley, P. G., and Park, E. A.: Studies 
on Experimental Rickets. VII. The Production of Rickets by Diets Low in 
Phosphorus and Fat-Soluble A, J. Biol. Chem. 47:507 (Aug.) 1921. 

5. Kramer, B., and Howland, J.: The Influence of Diet on the Concentration 
of Phosphorus and Calcium in the Serum of Rats, Proc. Soc. Biol. Chem. 
5:21, 1921. Howland, J., and Kramer, B.: Factors Concerned in the Calcifica- 
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vapor quartz lamp, the cadmium spark, or the ferric chromium con- 
denser spark results in an increase of the inorganic phosphorus of the 
serum and the appearance of fresh deposits of calcium in the bones. 
The changes are identical with those which occur in rachitic children 
when cod liver oil is administered. In a recent communication Gutman 














Fig. 1—Radius and ulna of G. W. (Case 1) before (Jan. 3!) treatment; 
thirty days after (March 7) treatment, and forty-four days after (March 21) 
treatment. 


and Franz® state that they have found an increase in the inorganic 
phosphorus of whole blood of rachitic rats after exposure to ultraviolet 
rays. Hess and Unger’ report the cure of rickets in children and the 


6. Gutman, M. B., and Fran’, V. K.: Observations on the Inorganic Phos- 
phate of Blood in Experimental Rickets in Rats, Proc. Soc. Exper. Biol. & M. 
19:171, 1922. 

7. Hess, A. F., and Unger, L. J.: Use of the Carbon Arc Light in the Pre- 
vention and Cure of Rickets, J. A. M. A. 78:1596 (May 27) 1922. 
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prevention of rickets in rats by means of a carbon arc light. They 
report also a slight increase in the inorganic phosphorus of the blood 
of children so treated. 

The observations with children that we have to report were 
made as a continuation of our observations on rachitic animals. 
Radiation was accomplished by means of a mercury vapor quartz 
lamp. The spectrum of the light from this lamp showed in addition 














Fig. 2.—Tibia and fibula of R. H. (Case 2) before (Jan. 18) treatment; 
forty-two days after (March 7) treatment and fifty-six days after (March 21) 
treatment. 


to the rays of longer wave length, bands of considerable intensity in 
the second ultraviolet region (from 2,900 to 1,850 Aengstrom units). 
Of these, rays having a wave length of about 2,560 Aengstrom units 
gave the most intense band. 

Five children, four colored and one white, were treated by these 
rays. They were exposed at a distance of 50 cm. every day, at first 
for five minutes and then the length of exposure was rapidly increased 
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to twenty minutes. On alternate days the ventral and dorsal aspects 
of the body were radiated. The eyes were carefully protected. The 
amount of current employed was 8 amperes. 

Roentgenograms were made before and several times during the 
course of treatment. Determinations of the calcium and inorganic 
phosphorus of the serum were made at least three times with each 
patient, once before and twice during treatment. 


SUMMARY 


Five chi:dren showing clinical evidences of rickets, confirmed by 
roentgenographic examination of the bones, were treated by systematic 
exposure to the rays from the mercury vapor quartz lamp. This was 
followed in every instance by healing of the rachitic process in the bones. 
The inorganic phosphorus concentration of the serum of these children 
was low (from 2.7 to 3.2 mg.) before the treatment was begun and 
gradually increased to a maximum of 6 mg. with the appearance of 
calcium deposition in the bones. So far as could be judged, healing of 
the bones following radiation occurred at about the same time as it 
does after the administration of cod liver oil. The changes in the 
phosphorus concentration of the serum were identical with those 
observed after cod liver oil treatment. The pigmented skin of the 
negro child did not interfere with the action of the light rays. The 
colored children required no more intensive treatment to bring about 
healing than did the white children. 


REPORT OF CASES 


Case 1.—G. W., white, aged 7 months, a premature child; evidence of 
rickets not marked. 

Jan. 31, 1922: Roentgenogram showed slight irregularity of extremities of 
radius and ulna. 

February 2: Calcium, 8.5 mg. per 100 c.c. of serum; inorganic phosphorus, 
3 mg. 

February 5: Treatment begun. 

March 7: Roentgenogram showed marked irregularity of lower extremities 
of radius and ulna, evidently brought about by considerable deposition of lime 
salts. This had produced distinct cupping. 

March 8: Calcium, 10.1 mg. per 100 c.c. of serum; inorganic phosphorus, 
5.8 mg. i 

March 21: Roentgenogram showed evidences of healing still more marked. 

March 21: Calcium, 10.3 mg. per 100 c.c. of serum; inorganic phosphorus, 
6 mg. 

Case 2.—R. H., colored, aged 10 months; marked clinical evidences of 
rickets. 

Jan. 18, 1922: Roentgenogram showed very severe rickets. Centers of 
ossification poorly marked. Extremities of bones very indistinct. 

January 21: Calcium, 9.4 mg.; inorganic phosphorus, 2.7 mg. 

January 24: Treatment begun. 

March 7: Roentgenogram showed evidences of deposition of lime salts pro- 
ducing double lines at extremities of bones. Centers of ossification becoming 
plain. 
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(Case 3) before (Feb. 2) and forty-three 


Fig. 3.—Tibia and fibula of E. F. 


days after (March 21) treatment. 
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Fig. 4—Radius and ulna of F. P. (Case 4) before (Jan. 16) treatment; 


twenty-seven days after (Feb. 20) treatment, and forty-two days after (March 
treatment. 
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on 


March 8: Calcium, 9.3 mg.; inorganic phosphorus, 3.4 mg. 

March 21: Roentgenographic evidences of healing plain. 

March 21: Calcium, 10.1 mg.; inorganic phosphorus, 6.2 mg. 

Case 3.—E. F., colored, aged 26 months; marked clinical evidences of 
rickets. 

Feb. 2, 1922: Roentgenogram showed striking evidences of rickets of long 
standing. 

February 6: Calcium, 10.6 mg. per 100 c.c. of serum; inorganic phosphorus, 
3 mg. 

February 6: Treatment begun. 

March 21: Roentgenogram showed marked evidences of healing. Deposi- 
tion of lime salts at extremities of bones now plain. 

March 22: Calcium, 9.5 mg.; inorganic phosphorus, 6 mg. 

Case 4.—V. P., colored, aged 18 months; marked clinical evidences of 
rickets. 

Jan. 16, 1922: Roentgenogram showed cupping of lower ends of both radius 
and ulna. Centers of ossification at wrist indistinct. 




















Fig. 5—Radius and ulna of M. C. (Case 5) before (Dec. 20) treatment; 
after forty days (Jan. 30) insufficient treatment, and after forty-nine days 
(March 21) intensive treatment. 


January 18: Calcium, 9.2 mg. per 100 c.c. of serum; inorganic phosphorus, 
3 mg. 

January 24: Treatment begun. 

February 20: Roentgenogram showed early but definite evidences of healing. 

February 23: Calcium, 10.1 mg.; inorganic phosphorus, 4.6 mg. 

March 7: Roentgenogram showed marked evidences of healing. 

March 8: Calcium, 10.2 mg.; inorganic phosphorus, 6.6 mg. 

Case 5.—M. C., colored, aged 5 months. Clinical diagnosis on admission 
was rickets and tetany. 

Dec. 20, 1921: Roentgenogram showed mild but definite rickets. Cupping 
at lower end of the ulna, irregularity of the lower end of the radius. 

December 21: Calcium chlorid was administered, 1 gm. every four hours, 
for several days. It was then reduced to 0.5 gm. Radiations with ultraviolet 
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rays were also employed. The time of exposure was short (from 5 to 10 
minutes); the intensity was slight (amount of current, 4 amperes) and the 
child was exposed only three times a week. 

Jan. 21, 1922: Calcium, 8 mg. per 100 c.c. of serum; inorganic phosphorus, 


2 mg. 


‘ 
J.2 


January 30: Roentgenogram showed no change. 

February 1: As it was obvious that no improvement had taken place more 
intensive treatment was employed as outlined in the first part of the paper. 

February 27: Roentgenogram showed definite evidence of healing. 

March 6: Inorganic phosphorus, 6.2 mg. 

March 21: Roentgenogram showed almost complete healing. 

March 21: Calcium, 9.8 mg.; inorganic phosphorus, 6.1 mg. 
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THYMUS APOPLEXY 


AN UNUSUAL MANIFESTATION OF HEMORRHAGIC DISEASE 


OF THE NEWLY BORN * 


H. R. WAHL, M.D., ann DAMON WALTHALL, M.D. 


ROSEDALE, KAN, 


The thymus gland is richly supplied with blood vessels * which are 
readily engorged and often contribute considerably to the enlargement 
of the gland. This congestion is especially apt to occur whenever 
there is a general circulatory stasis.* There is little supporting tissue 
for the rich network of capillaries in and about the individual lobules 
so that hemorrhages occur readily.*. These may be scattered, small 
and petechial in character, or they may appear as large effusions of 
blood localized or diffused throughout the substance of the organ. The 
former are common, especially in asphyxial conditions, in acute infec- 
tions and in hemorrhagic diseases. The latter are relatively rare and 
were first noted by Friedleben* in his basic monograph in which he 
applied the term “Apoplexien” to these more extensive hemorrhages. 


Such an “apoplexy” may follow the hyperemia associated with simple 
hyperplasia of the gland and may give the appearance of a hemorrhagic 
infarct. Inasmuch as but few cases are in the literature a review 
of these is given. 

Friedleben * noted the occurrence of these extensive hemorrhages 
in the thymus gland in cases of protracted and difficult labor and 
regarded them as traumatic in origin. He also gave a detailed descrip- 
tion of a 5 month old infant which died suddenly during convalescence 
from an attack of diarrhea. The infant had taken its bottle during the 
night and was found dead in the morning. The necropsy showed 
subserous hemorrhages in the pleura and pericardium. The thymus 
gland was diffusely infiltrated with blood. No microscopic examination 
was made. 


* Received for publication March 24, 1922. 

* From the Departments of Pathology and Pediatrics, University of Kansas 
School of Medicine. 

1. Pigache, R., et Worms, G.: Circulation du lobule thymique, Bull. et 
mém. soc. Anat. de Par. 12:837, 1910. 

2. Hart, C.: Thymus Studien: Pathologie der Thymus, Arch. f. path. Anat. 
214:1, 1913. 

3. Wiesel, J.: Pathologie des Thymus, Ergebn. der allg. Path. u. path. 
Anat. 15: Pt. 2, 416, 1912. 

4. Friedleben, A.: Die Physiologie der Thymusdriise in Gesundheit und 
Krankheit, Frankfurt A. M. Literarische Anstalt, 1858. 

5. Marfan, A. B.: Pathologie du Thymus, Arch. de méd. d. enf. 13:801, 1910. 
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Several cases are cited by some authors with such meagre data 
that their value is doubtful. Raudnitz® cites the case of a child, 5 
months old, dying with asphyxial symptoms. At the necropsy there 
was a large thymus, infiltrated with blood. He also cites Kopp’s case 
of an infant 33 days old, with hemorrhages from the umbilicus, dying 
nine days later. The postmortem examination showed a pneumonia, a 
bloody effusion about the umbilicus and a bloody tumor mass covering 
the upper anterior surface of the heart and containing thymus elements. 
30th Friedleken * and Wiesel * note Weber’s case of a several months’ 
old infant dying after several severe abdominal cramps. The necropsy 
showed a fresh hemorrhage in the thymus gland. Wiesel also cites 
3onnet’s case occurring in a man who died suddenly and in whom the 
thymus gland was found enlarged and infiltrated with blood. The 
same author mentions Beneke’s case occurring in the stillbirth in which 
the fetus was forcibly extracted. There was a hemorrhage in the 
thymus and also over the surface of the brain. Bauer’s case is also 
cited. The patient was a young soldier who died suddenly without 
any apparent cause. The thymus gland was found infiltrated with 
blood. 

3arensprung ‘ described the case of an infant which was struck 
by its syphilitic mother the day after its birth, and had hemorrhages 
from the navel and ecchymoses in the shoulders, arms and hands. 
Death occurred eight days after birth. The necropsy showed numerous 
subcutaneous hemorrhages, especially in the cheek, and on the hands 
and chest. The umbilical vein was occluded by a thrombus. The 
thymus was very large and infiltrated with blood, and also contained 
a cavity filled with a soft red blood clot. There was also a bloody 
fluid in the pericardium and focal hemorrhages in the kidney medulla. 
The latter also contained uric acid infarcts. 

Raudnitz * reported two cases. One patient was an infant with a 
syphilitic mother. Following birth a hematoma developed over the 
right parietal bone. The infant was jaundiced but otherwise was 
apparently well to the forty-fifth day when it suddenly became pale, 
respirations were rapid, pulse 120 and hemorrhages appeared in the 
hard palate. The child refused food. Vomiting occurred and was 
followed by collapse and death. Blood clots were found in the occipital 
and temporal fossae. The left pleural cavity contained much clotted 
blood. The mesenteric glands were enlarged and contained hemor- 
rhages. The left lobe of the thymus was enlarged, measuring 5 cm. in 
length, and contained extensive hemorrhages. The right lobe was 
normal. 





6. Raudnitz, R. W.: Hemorrhagien der Thymus, Arch. f. Kinderh. 4:21, 1883. 
7. v. Barensprung, F.: Die Hereditare Syphilis, Berlin, 1864. 
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The second case was that of an infant showing blood in the stools 
and punctate hemorrhages in the palate when ten days old. Dyspnea 
then developed, followed by death five days later. The necropsy showed 
a blood clot over the left cortex and the pia was infiltrated with blood. 
Hemorrhages were present in both lower lobes of the lungs, in the 
pericardium and in the tissue about the thymus and adjacent esophagus. 
The left lobe of the thymus was enlarged and contained a hematoma 
the size of a walnut. 

Durante * also described two cases. In the first case the infant 
was born dead following a protracted labor. The thymus gland was 
enlarged, weighing 21 gm. The gland showed intense congestion and 
also hemorrhages, especially within the lobules, in some of which the 
entire medullary substance was so extensively replaced by blood that 
only a narrow rim of cortical substance remained. The blood was 
not collected in a single continuous mass but diffusely infiltrated the 
giand, separating the architectural elements. 

The second case was in a premature child which died suddenly 
on the fourth day without any apparent cause. The thymus gland 
was enlarged, weighing 20 gm. There were numerous hemorrhages 
some of which destroyed several lobules. Some of the foci infiltrated 
with blood showed organization indicating that some of the effusions 
of blood were older than others. 

Schlesinger * described a hemorrhage in the thymus gland, occurring 
in a syphilitic infant who had a persistent umbilical hemorrhage from 
which it died on the ninth day. The necropsy showed fibrous indura- 
tion of the lungs, liver and pancreas, indicating congenital syphilis. 
The thymus gland was enlarged and on the left side contained a small 
cavity filled with clotted blood. In addition there were several smaller 
hemorrhages in the tissue surrounding the larger one. These hemor- 
rhages involved the parenchyma and the stroma but the medullary 
substance showed more disintegration than the cortex. Hassall’s cor- 
puscles were numerous and persisted even in the masses of blood when 
all other thymus elements had disappeared. Focal necroses were also 
present. 

Mendelsohn *° contributed the most complete discussion of this 
subject and gave a detailed description of a thymus hemorrhage occur- 
ring in a syphilitic infant dying five hours after,birth. There was a 
pemphigous eczema on the soles of the feet and the palms of the hand. 


8. Durante, G.: Hemorrhages et scleroses due thymus chez les enfants 
nouveau-nes, Compt. rend. Soc. de biol. 48:282, 1896. 

9. Schlesinger, E.: Die Erkrankungen der Thymusdriise bei der hereditaren 
Syphilis, Arch. f. Kinderh. 26:205, 1899. 

10. Mendelsohn, L.: Ueber die Apoplexie der Thymusdriise, Arch. f. 
Kinderh. 44:1, 1906. 
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The lungs were indurated and the liver enlarged. The thymus gland 
weighed 8.7 gm. The left lobe was normal. The right lobe contained 
a cavity about the size of a hazelnut filled with partly clotted blood. 
There were also a few smaller hemorrhages. Microscopic examination 
showed typical syphilitic changes in the lungs and the liver. The vessel 
walls were thickened, especially the adventitia. The wall of the blood 
containing cavity was composed of three layers, the inner one only 
being composed of thymus elements. This cavity was a preformed 
cyst into which a hemorrhage had occurred. 

Winkler *! reported a case occurring in a male infant which was 
well at birth, but developed dyspnea, cyanosis and cardiac weakness, 
and finally death ensued on the fourth day. There was a subpial hemor- 
rhage on the right side. The thymus gland was enlarged and on sec- 
tion showed many hemorrhages uniformly distributed throughout the 
gland. 

Klose '* described a diffuse hemorrhagic infiltration of the thymus 
gland in a boy, 9 years old, who had whooping cough and died from 
asphyxia following a severe paroxysm of coughing. The gland was 
much enlarged. No other hemorrhages were noted. A tracheotomy 
was performed but was of no avail. 

Hart? noted a case of diphtheritic laryngitis in which the thymus 
gland was entirely hemorrhagic and infarcted. 

Pappenheimer’s case '* occurred in a 7 week old syphilitic infant 
who had a general purpuric eruption, an interstitial pneumonia and 
a well marked status lymphaticus. The thymus gland was enlarged, 
weighing 25 gm., and was diffusely infiltrated with blood. There were 
also extensive areas of necroses. The cytoplasm of the reticular cells 
contained yellow pigment granules. The small thymus elements were 
not abundant. There were no Hassall’s corpuscles. The parenchyma 
was composed mostly of large reticular epithelial cells with indifferent 
cell outlines and extensive intercellular connections. The usual lobula- 
tion of the thymus gland was absent. There was evidently a delay 
in the development of the gland. 


‘* in which the thymus 


The last case reported was that of Frazier 
of a syphilitic male stillbirth was enlarged and contained scattered 
hemorrhages. The upper half of the gland contained a spherical cavity, 


the size of a dime, distended with fluid blood. In the lower half there 


11. Winkler: Zur Pathologie der Thymusdritise, Verhandl. d. deutsch. path. 
Gesellsch. 13:266, 1909. 

12. Klose, H.: Chirurgie der Thymusdriise, 1912, in Frankfurt a. M. 

13. Pappenheimer, A.: A Contribution to the Normal and Pathological His- 
tology of the Thymus Gland, J. M. Research 22:1, 1910. 

14. Frazier, J. F.: The Visceral Changes in Congenital rin J. A.-M. -A. 
77:1623 (Nov. 19) 1921. 
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was a cavity the size of a quarter containing grayish white purulent 
matter. There was no cyst formation. There were multiple granulomas 
in the cortex. 

An analysis of the nineteen cases found in the literature is inter- 
esting. It is probable that more cases have been reported but are 
buried under general and obscure titles. In fact, only five cases of 
this series were reported under a specific title while the remainder were 
gleaned from papers on either the pathology of the thymus gland or 
congenital syphilis. A small proportion only (seven cases) had a com- 
plete description. In some of these a thorough microscopic study was 
not made. In all cases but two there was a note on the nature of the 
hemorrhage. In eleven cases it was diffused throughout the gland; in 
the remainder it was localized to one or more foci. The age was noted 
in all but one of the cases and varied from stillbirths to young adults. 
Three cases occurred in stillbirths, three in infants less than one week 
old; six infants were between this age and 3 months; three cases 
occurred between 3 and 6 months, one child was 9 years of age and 
two patients were young male adults. It is worth emphasizing that 
with the exception of three cases, two of which occurred in young 
men, all the other cases occurred in infants under 6 months. 

The nature of the death was noted in thirteen cases. In seven 
cases it was sudden, but no other information was available. In two 
instances it followed persistent hemorrhages. In two cases there was 
dyspnea ; in two, asphyxia, and in one case severe cramps.- The presence 
or absence of other hemorrhages was not noted in eight cases; in three 
cases they were absent; in two cases there were hemorrhages in 
the umbilicus; in five cases, subserous hemorrhages, and in five cases 
cerebral hemorrhages were associated. 

Regarding the presence of visceral lesions no information was avail- 
able in ten of the cases. In two cases they were reported as being 
absent. In three cases an interstitial pneumonia was noted. One infant 
had pneumonia, one had diphtheretic laryngitis and another had lung 
infarcts. Regarding the possibility of syphilis being present no infor- 
mation was available in seven cases. In six cases a definite diagnosis 
of hereditary syphilis was made. In two instances there was a history 
suspicious of syphilis, In five cases it was absent. In five cases there 
was a history of trauma; in four cases it could be excluded, while in 
the others no note regarding trauma was made. 


REPORT OF CASES 


Case 1.—Baby R., colored, male, aged 4 days, one of twins, was admitted to 
3ell Memorial Hospital, Sept. 19, 1920. 

Family History.—Father, aged 43, living and well. Wassermann negative. 
Mother, aged 37, living and well. Three sisters, ages 8, 6 and 4 years, respec- 
tively, living. The eldest shows glandular enlargement and with questionable 
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Hutchinsonian teeth, but with a negative Wassermann. The youngest sister 
is markedly undernourished. There were two brothers. One aged 2 years 
had marked rickets and a negative Wassermann. The other was the twin 
brother of the patient and was apparently normal. 

Past History—During pregnancy the mother was unusually short of breath 
and had much distress. She felt that the baby was transverse in position. 
The pregnancy went to full term. The patient was the second born of twins 
and was delivered from a breech presentation with considerable traction and 
difficulty. On the second day the mother noticed bleeding from the mouth and 
persistent dark pasty stools. There were no convulsions. The infant fretted 
a great deal. The baby refused all food and was brought to the hospital 
on the fourth day with convulsions. 
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Fig. 1—Photograph of the thymus gland of Case 2, showing its relation to 
the heart and to the lungs. (a) Thymus gland enlarged and infiltrated with 
blood; (b) apex of heart; (c) anterior edge of upper lobe of the right lung. 


Physical Examination.—The baby was small and critically ill with a tem- 
perature of 102.5 F., and with the head drawn back. The arms and legs were 
very rigid and the fingers markedly flexed in a position of tetany. The skin 
and sclera showed a definite icterus. Clusters of miliary vesicles were present 
over the chest, neck and upper arms. Both fontanels were open but not 
depressed. There was no craniotabes or overriding of the cranial bones at 
the sutures. There was a lateral nystagmus of both eyes. Ears and nose 
were normal. The mouth could not be opened wide enough to inspect the 
throat, but the tongue was covered with a white milky coat. The heart was 
very rapid but no murmurs could be heard. The lungs showed no definite 
impairment. The breath sounds were very rapid and of a Cheyne-Stokes char- 
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acter. The abdomen was full and held very tense. The liver and spleen could 
not be felt. The genitalia were normal, except for phimosis. The lymph 
nodes were not prominent. 

A puncture of the lateral ventricle was made through the anterior fon- 
tanel and 20 c.c. of unchanged blood was obtained. This blood clotted very 
slowly and the clot was soft in consistency. The red cells settled out. A 
Wassermann was done on this blood but was negative. The patient was 
moribund on entrance and died ten hours later. 

Clinical Diagnosis——Cerebral hemorrhage from a birth injury associated with 
hemorrhagic disease of the new-born. 











Fig. 2——Photomicrograph of a thrombus in a large vein of the thymus gland 
in Case 1. Note also the hemorrhage in the surrounding tissue and the endo- 
thelial hyperplasia in the small lymph node which is embedded in the capsule 
of the thymus gland. 


NECROPSY REPORT 


Macroscopic Examination.—The body is that of a well developed male infant 
showing generalized icterus, a fine vesicular eruption over the neck and chest 
and petechial hemorrhages on the buttocks. Bloody fluid is present in both 
pleural cavities, 30 c.c. on the right side, less on the left. There is a large 
red hemorrhagic mass with a smooth outer surface in the upper mediastinum 
extending from the lower border of the thyroid to the lower third of the peri- 
cardium and from the hilum of one lung to that of the other. It is composed 
mostly of an enlarged thymus diffusely infiltrated with blood, weighing 27.4 gm. 
and measuring 6x4x1.8 cm. The lobes of the thymus are indistinct. The mass 
is firm in consistency. The cut surface has a dark red color with a network of 
grayish white markings which give it a lobulated appearance. In some areas 
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the hemorrhage involves the parenchyma of the organ; in others it is limited to 
the stroma leaving islands of thymus tissue embedded in a mass of blood. The 
hemorrhagic infiltration extends into the soft tissues about the trachea, 
esophagus and hilum of the lung. 

Hemorrhages were also present in other viscera. Scattered subpleural 
hemorrhages in the lungs extended a short distance into the substance of the 
lungs. Small hemorrhages were present in both the pericardium and in the 
myocardium. The kidneys showed numerous wedge shaped hemorrhages 
involving both cortex and medulla. Extravasations of blood were also present 
in the diaphragm along the attachment of the pericardium and in the medulla 
of both suprarenal glands. The cerebrospinal fluid over the surface of the brain 
was blood tinged. Both lateral ventricles were distended and dilated with 











Fig. 3.—Photomicrograph of necrosis, hemorrhage and organization in the 
stroma of the thymus gland in Case 2. On each side of this thick band of 
connective tissue there are lobules of the thymus parenchyma infiltrated with 


red blood corpuscles. 


bloody fluid. This was particularly true of the right lateral ventricle which 
contained 50 c.c. fluid blood in addition to a soft blood clot continuous with 
one in the left lateral ventricle which was nearly occluded by the blood clot. 
Fluid blood was also present in the other ventricles. The right parietal lobe 
was considerably softened due, in part, to the dilatation of the right lateral ven- 
tricle and, in part, to the extravasation of blood into the brain substance 
external to the posterior part of the right lateral ventricle. 

Some portions of the lungs did not contain air. The consistency was 
tougher than usual. There was an unusually distinct lobulation. The foramen 
ovale of the heart was widely open. The liver showed some hemorrhages just 
beneath the capsule. Numerous brick red crystals (uric acid) were present in 
the pyramids of the kidneys. 
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Microscopic Examination—Heart: Vacuoles are present in many of the 
muscle fibers. There are also small hemorrhages in the myocardium. 

Lungs: Bands of cellular fibrous tissue subdivide the lung tissue into dis- 
tinct lobules. The lung framework is markedly thickened and infiltrated with 
leukocytes, most of which are mononuclear in type. Small hemorrhages occur 
in the interstitial tissue especially about the hilum. The capillaries are 
engorged. The alveolar epithelial cells are swollen, small vacuoles are 
numerous in the cytoplasm of many cells and many others are desquamated into 
the alveolus. Red blood cells are present in some of the alveoli. Many air 
sacs contain desquamated epithelial cells and serum but relatively few leukocytes. 
The adventitia of the blood vessels is thickened and the lumen is often reduced 
in size. 

Liver: The fibrous tissue is increased in the portal spaces. The liver cells 
are swollen and contain many small vacuoles. Various types of leukocytes are 
scattered throughout the lobule. A few eosinophil cells are also present. There 
are a few foci of myeloid cells in the sinusoids. 











Fig. 4.—Photomicrograph of the perivascular inflammatory reaction and 
endothelioid hyperplasia in the stroma of the thymus gland in the second case. 


Pancreas: The parenchyma is incompletely developed. Many of the acinar 
cells are degenerated. The islands of Langerhans are small and indistinct. 
The stroma is much more abundant than is usual. 

Spleen: There is diffuse fibrosis throughout the pulp. The sinusoids are 
unusually prominent. There is marked endothelial hyperplasia. The walls of 
the vessels are thickened. The malphigian bodies are small and obscure. 

Kidneys: They are infantile in type. The epithelial cells of some convoluted 
tubules are swollen and others are disintegrated. There is some proliferation 
and desquamation of the cells of the collecting tubules. The glomeruli are 
numerous. There are no red blood cells in the capillaries of the glomeruli. The 
endothelial cells of the latter are swollen. The interstitial tissue is abundant 
and shows many fibroblasts. There is diffuse congestion and infiltration with 
leukocytes some of which occur in foci and include polymorphonuclear cells as 
well as lymphoid cells. Some eosinophil cells also occur. The walls of the 
vessels are thickened. Extravasations of blood are limited to the interstitial 
tissues. No red blood cells are present in the tubules. 
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Suprarenals: The medulla shows marked congestion and considerable diffuse 
hemorrhage. It also shows beginning postmortem autolysis. In the cortex the 
stroma is unusually abundant. 

Thyroid: Most of the follicles are underdeveloped and contain none or very 
little colloid. The stroma is very cellular and abundant. It contains numerous 
leukocytes both of the mononuclear and the polymorphonuclear types. 

Lymph Nodes: These show marked congestion; otherwise unnoteworthy. 

Cerebral cortex: There is a diffuse extravasation of blood throughout the 
white matter. 

Thymus: There is a marked increase in the stroma separating the 
parenchyma into unusually distinct lobules. This increase is, in part, due to 
proliferation of the connective tissue as indicated by numerous fibroblasts and, 
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Fig. 5—Photomicrograph of lymph node embedded in the capsule of the 
thymus gland in Case 2, showing dilated lymph sinuses containing many large 
endothelial phagocytes (a) which have engulfed many red blood corpuscles. 


in part, to the infiltration with blood. In some portions this hemorrhagic infil- 
tration is so extensive that the lobules of thymus tissue appear as islands in a 
mass of blood cells. In some areas the stroma is infiltrated with a purulent 
exudate, in others it shows focal areas of necrosis. The larger vessels show 
a very thick wall due mostly to thickening of the adventitia. In several of 
them the lumen is almost completely occluded by cellular thrombi. In the 
perilobular tissue there are also foci of lymphoid and polymorphonuclear cells 
with begining necrosis suggesting miliary gumma. 

The parenchyma shows marked congestion and diffuse hyperplasia of the 
reticular epithelial cells. In fact, so marked is this hyperplasia of these large 
pale cells that in many foci few lymphoid cells remain. There is also prolifera- 
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tion and swelling of the endothelial cells of the vessels. Hassall’s bodies are 
numerous and show a tendency to cystic degeneration and dilatation. Often 
these cystic structures contain a purulent exudate. Some of the lobules are 
almost entirely destroyed by hemorrhage, only a narrow rim of the cortical 
substance persisting. The hemorrhages apparently occur first in the medullary 
substance which seems more readily broken down than the cortex. Throughout 
the lobules there is diffuse infiltration with leukocytes, including poly- 
morphonuclear and eosinophil cells as well as lymphoid cells. Karyorrhexis of 
many of the nuclei occurs, in fact there are all stages between this diffuse 
leukocytic infiltration, necrosis and hemorrhage. In other words, the hemor- 

















Fig. 6—Photomicrograph of two dilated Hassall bodies in the thymus gland 
in Case 1. This area shows no hemorrhage but shows many scattered poly- 
morphonuclear leukocytes and considerable proliferation of the epithelioid cells. 
Note the normal Hassall body in the lower left corner. 


thage is preceded by necrosis. Often the lobule has been almost replaced by 
blood, except a narrow rim of cortical tissue and a few Hassall’s bodies 
embedded in the mass of red blood cells. Some of the smaller veins are 
distended with leukocytic thrombi. 

Bacteriologic Examination.—Unfortunately no cultures were made at time of 
the necropsy. Bacterial stains of sections of the thymus showed occasional 
coccoid bodies but no definite organisms. No spirochetes were found. 

Anatomic Diagnosis —Cerebral hemorrhage; diffuse hemorrhagic infiltration 
of the thymus gland; multiple hemorrhages in the lungs, suprarenals, kidneys 
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and heart; subserous hemorrhages into the pleura, pericardium and capsule of 
liver; chronic interstitial pneumonia; parenchymatous degeneration of heart, 
liver, kidneys and pancreas; thrombosis of vessels of thymus, acute inammation 
and focal necroses of the thymus gland. 

Case 2.—Baby P., white, male, aged 6 weeks, was admitted to the con- 
tagious hospital Jan. 1, 1921, with a provisional diagnosis of meningitis. 

Family History—The father was apparently in good health. Mother, aged 
19 years, primipara, had a four plus Wassermann, Physicial examination of her 
heart gave findings suggestive of an aortitis. 
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Fig. 7—A. Drawing of the thymus in Case 2, showing its exact size and its 
relation to the heart and lungs. 
B. Drawing of a cross section through the thymus gland of Case 1. 


C. Drawing of a cross section through the thymus glands of Case 2. 


Past History—The baby was delivered by a dry labor which, however, was 
not unusually protracted, and was charted as a normal baby although the birth 
weight was only 5 pounds 8 ounces. The usual initial loss of weight brought 
the weight down to 4 pounds 9 ounces, and on the sixth day it was up to 5 
pounds, remaining stationary the remainder of the stay in the hospital (ten 
days). From the third to the sixth day the temperature ranged from 103 to 
106 F. Before and after this period it was normal. The temperature fell to 
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normal when diluted cow’s milk was given with the breast feeding. At three 
weeks of age the patient was again examined and found to be a normal 
breast fed baby, except that it was fretful and colicky. 

Present Iliness—One week before entering the hospital (5 weeks of age) 
the baby had a yellow color, had not gained weight and was in poor condition. 
It cried much, took the breast poorly and was very restless. Two days before 
admission there was some bleeding from the nose and mouth and the stools had 
become black. The night before entering the hospital the baby’s condition 
became worse, showing a generalized spasticity and retraction of the head, and 
the eyes appeared to be set and glassy. 

Physical Examination—A fretful, desperately ill, undernourished baby, 
lying with its head drawn back, and at times giving a characteristic meningeal 
cry. There was marked jaundice. The extremities were spastic and the muscles 
of the neck tense. The anterior fontanel bulged markedly. The right eye 
showed a divergent strabismus. The left eye showed a ptosis of the lid. Both 
pupils were unequal and dilated. There was a slight horizontal nystagmus of 
both eyes. The heart was normal with no murmurs but with a very rapid rate. 
There was a slight umbilical hernia. The thumbs of both hands were flexed 
on the palms and the fingers were flexed over the thumbs. 

Blood Wassermann was negative. It was noted that this blood did not clot, 
the red blood cells settling out at the bottom. A soft clot developed later. A 
lumbar puncture was made but the examination was unsatisfactory. The baby 
continued in a state of spasticity, with an occasional convulsion, and gradually 
became more feeble, dying twelve hours after admission. 

Clinical Diagnosis —Cerebral hemorrhage complicating hemorrhagic disease 
of the new-born. 

NECROPSY REPORT 


Macroscopic Examination.—Unfortunately, complete necropsy data on this 
case are not available. Through the kindness of Dr. W. S. Campbell we 
received the brain, kidneys, spleen and all of the thoracic organs for study. 
The heart was normal. The kidneys showed marked fetal lobulation, otherwise 
appeared to be normal. The spleen was normal, except for marked congestion. 
The lungs showed a distinct lobulation with areas of dark gray partly con- 
solidated tissue. These areas on section had an edematous transluscent 
appearance. Most of the lung tissue was air containing. There was a 
denser framework than is normal. There was also considerable hemorrhage in 
the hilum of the lungs, extending, on the one hand, into the lung tissue along 
the bronchi and, on the other hand, continuous with a large hemorrhagic mass 
situated in the upper anterior mediastinum. This mass is composed of an 
enlarged thymus markedly infiltrated with blood, extending from the hilum of 
one lung to that of the other and covering the greater part of the pericardium. 
Its outer surface is smooth and reddened but there is no free blood. This 
enlarged thymus weighs 28.4 gm. and measures 5x4.2x2.4 cm. It is very 
firm in consistency. It cuts with resistance and the cut surface has a dark red 
color with an interlacing network of grayish white markings giving the hemor- 
rhagic tissue a lobulated appearance. In other areas there are islands of pale 
yellow tissue embedded in a hemorrhagic matrix. While the blood is dif- 
fused throughout the gland, near the center there were several clots of blood 
from 6 to 8 mm. in diameter. The right lobe of the thymus shows more extensive 
infiltration with blood than the left, and is accordingly very much larger. The 
capsule of the gland is infiltrated with blood. No hemorrhages were found in 
the other viscera. There was a thin layer of blood beneath the pia on the 
lateral surfaces and base of the brain but no hemorrhage in the cerebral 
cortex. The ventricles contained no blood. 

Microscopic Examination—Heart: Many of the muscle fibers contain 
vacuoles often associated with obliteration of the cross striations and even 
distintegration of the cytoplasm. The connective tissue is increased and con- 
tains many leukocytes, most of which appear as small dark staining round cells 
occasionally arranged in small foci. In the latter a few polymorphonuclear 
leukocytes may be seen. 
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Lungs: The pleura is thick. The alveolar walls are thickened, cellular 
and contain many leukocytes, polymorphonuclear as well as mononuclear, the 
latter being most abundant. The walls of the vessels, especially the adventitia, 
are thickened, and in some the lumen is reduced in size. Some of the bronchi 
are filled with a purulent exudate; others appear to be normal. The peri- 
bronchial connective tissue is unusually abundant, and in some areas it is 
infiltrated with blood. There is also considerable infiltration with lymphoid 
cells. In addition, near the hilum, there is considerable embryonic fat and 
clusters of large round cells resembling endothelial phagocytes containing 
brown pigment granules. The alveoli vary in appearance. Some are empty, 
others are filled with desquamated, round, alveolar epithelial cells and serum. 
Others contain a purulent exudate. Many show a swollen culoidal epithelial 
lining. In some of the bronchi there is a fibrinous exudate containing scattered 
red blood cells. 

Spleen: There is marked congestion; otherwise the organ is normal. 

Kidney: The glomeruli are numerous and the cells are swollen. Few red 
blood cells are seen in the capillary tufts. The tubular epithelial cells are 
swollen and some are disintegrated. A few of the cells are calcified. There 
is some fibrosis and lymphoid infiltration throughout the organ. 

Aorta: There is swelling and edema of the elastic fibers of the media and 
infiltration of lymphoid cells especially about the vasavasorum. 

Lymph nodes: The bronchial nodes are intensely congested, the sinusoids 
are distended and contain many large endothelial phagocytes, many of which 
are filled with red blood cells. There is marked swelling and proliferation of 
endothelial cells. Some of the larger nodes about the trachea show much the 
same picture. In one node the endothelial proliferation is so extensive about 
the periphery as to resemble a collar of tumor tissue. Besides the congestion 
there is also some slight diffuse hemorrhage, especially in foci containing 
pus cells and in which beginning necrosis is evident. The marked endothelial 
proliferation is associated with atrophy of the lymphoid elements. 

Thymus: The architecture of the gland is exaggerated by the marked 
thickening of the perilobular fibrous tissue. The increase of these septa is 
due to extensive diffuse hemorrhage and suppuration. Foci of necrosis are 
present but poorly outlined. The capsule is also markedly thickened for the 
same reason and shows many fibroblasts and new formed capillaries, especially 
extending where the blood is most abundant. Some of the broad interlobular 
septa contain no hemorrhage but show extensive purulent exudation and 
occassionally poorly outlined areas of necrosis. Leukocytes of various types 
including polymorphonuclears and eosinophils abound in the stroma. Several 
small hyperplastic lymph nodes are adherent to the capsule of the thymus. In 
the stroma there is also swelling of the endothelial cells of the vessels and 
marked accumulation of lyphoid cells about these vessels. This perivascular 
reaction is very striking in some areas. The thymus lobules appear as islands 
of cellular tissue in the hemorhagic tissue. Hassall’s corpuscles are numerous. 
There is marked congestion and hyperplasia of the reticular epithelial cells. 
The latter are so numerous that in some lobules few of the smaller thymic 
elements are left. There are numerous eosinophil cells. In many lobules there 
are scattered foci of lymphoid and polymorphonuclear cells showing beginning 
necrosis. Occasionally, small hemorrhages may be seen in these foci. In fact, 
there are all stages between the acute inflammatory reaction, necrosis of the 
center of the lobule and its almost complete replacement by hemorrhage. In 
some lobules the hemorrhage has destroyed the greater part so that only a 
narrow rim of the cortex still persists. Even in these areas the Hassall’s 
bodies may still persist. Many of the small veins are filled with pus cells. 

Bacteriologic Examination—Negative, as in Case 1. 

Anatomic Diagnosis—Bronchopneumonia, chronic interstitial pneumonia; 
thymus apoplexy; subpial hemorrhage of brain; acute inflammation and focal 
necroses of the thymus; thrombophlebitis of veins of thymus, parenchymatous 
degeneration of the heart and kidneys. 
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DISCUSSION 


The two cases are similar in many respects. Symptoms of menin- 
geal irritation, lateral nystagmus and generalized icterus were present 
in both infants. Labor, while not normal, was not unduly difficult or 
prolonged in either case. In both cases there was a marked increase 
in the coagulation time of the blood. In each case the necropsy showed 
a cerebral hemorrhage, inflammatory changes in the lungs suggestive 
of syphilis and a diffuse hemorrhagic infiltration of the thymus in which 
the extravasation of blood was both intralobular and interlobular and 
was associated with suppuration, necrosis and marked proliferation of 
the reticular epithelial cells. The cases differ in that the second patient 
was much older than the first. The hemorrhages were more generalized 
and extensive in Case 1. Labor was more difficult in Case 1. The 
immediate cause of death in Case 1 was cerebral hemorrhage, while in 
Case 2 the bronchopneumonia was probably the more immediate factor 
causing death. There was considerable organization of the hemorrhage 
in Case 2, indicating an older process than in Case 1 in which no new 
capillaries or fibroblast were found. In both cases the Hassall’s cor- 
puscles were numerous but in Case 1 they were dilated and often con- 
tained a purulent exudate forming early DuBois abscesses.'° On the 
other hand, Case 2 showed a striking perivascular inflammatory reaction 
with swelling of the vascular endothelium and also marked thrombo- 
phlebitis of the smaller veins. One of the large veins in Case 1 was 
partly occluded by a thrombus (Fig. 2). 

The relation of these cases to syphilis is of considerable interest. 
Case 1 presented no positive clinical findings. The Wassermann test 
on the bloods of both the father and infant were negative. No examina- 
tion of the mother’s blood could be obtained. Several members of 
the family showed evidences of constitutional weakness and syphilis 
could not be excluded even with negative blood findings. The clinical 
findings in Case 2 were more suggestive of syphilis. The Wassermann 
reaction on the blood of the mother was strongly positive but in the 
case of the child it was negative. There was no opportunity to repeat 
this test and a single negative reaction is not conclusive. The 
anatomic changes in both cases, while not pathognomonic, afford strong 
presumptive evidence of syphilis. Examination of the tissues for spiro- 
chetes in both cases was negative but this was most likely due to 
improper fixation. The interstitial inflammatory changes in both lungs 
suggest syphilis. The lobules of the thymus gland that are not disin- 
tegrated by hemorrhage show changes in both cases that are regarded as 
characteristic of congenital syphilis. In both cases there was marked 


15. Oliver, J.: Syphilitic Disease of the Thymus in Infants and the Mode of 
Origin of the DuBois Abscesses, Am. J. Dis. Child. 13:158 (Feb.) 1917. 
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proliferation of the reticular epithelial cells associated with more or 
less atrophy of the thymic lymphocytes, a change that Simmonds,” 
Hart,? Hecker,’’ Schlesinger, Dudgeon ** and Klose ** note as a char- 
acteristic change in the thymus of congenital syphilis. Furthermore, 
the early stages in the formation of DuBois abscess as described by 
Oliver ** were present in Case 1. While Case 2 does not show this 
dilatation of the Hassall bodies with the beginning formation of 
DuBois abscesses (which are said to be present only in fetal syphilis), 
it does show a very marked perivascular lymphoid infiltration and 
hyperplasia of the vascular endothelium. 

There is considerable difference of opinion regarding the relation 
of these extensive hemorrhages in the thymus and syphilis. Mendel- 
sohn?® and Schlesinger ® maintain that there is an etiologic relation 
between thymus apoplexy and syphilis. Hart* and Dudgeon** deny 
that such relationship exists, while Hecker ** and Simmonds ** omit any 
reference to thymus hemorrhages in describing the histologic changes 
in the thymus in congenital syphilis. On the other hand, it is signifi- 
cant that in all the reported cases in which a detailed microscopic 
description is available (five cases) there was either a family history 
or anatomic changes that were either strongly suggestive or positively 
indicative of syphilis. In the other cases there were some with a specific 
history and others with nothing to suggest syphilis. Our cases undoubt- 
edly have a syphilitic basis, yet we are unwilling to give the impression 
that extensive hemorrhages in the thymus are necessarily pathogno- 
monic of syphilis. 

The etiology of thymus apoplexy is obscure. So few cases have 
been reported and such varying causes have been ascribed that final 
judgment must wait on a larger number of thoroughly described cases. 
It is probable that one or more of four factors play a part in each 
case. Circulatory stasis as a cause, especially in a thymus the seat of 
marked hyperplasia is emphasized by Hart,? Klose '* and Marfan.° 
When this is the main factor, the hemorrhage is diffused throughout 
the gland giving the appearance of a hemorrhagic infarct. A second 
factor is trauma, especially birth trauma, which is stressed by Weber, 
Friedleben, Raudnitz and Klose. The last author quotes Penkert and 
Veit as suggesting that thymus apoplexy is not an uncommon cause of 
death of new-born infants. A third factor is the presence of a hemor- 


16. Simmonds, M.: Die Thymus bei Kongenitaler Syphilis, Virchows Arch. 
f. path. Anat. 194: (Suppl.) 213, 1908. 

17. Hecker, R.: Beitrage zur Histologie und Pathologie der congenitalen 
Syphilis sowie zur normalen Anatomie des Fetus und Neugeborenen, Deutsch. 
Arch. f. klin. Med. 61:1, 1893. 

18. Dudgeon, L. S.: A Contribution to the Pathology of the Thymus Gland, 
J. Path. & Bacteriol. 10:173, 1905. 
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rhagic disease of the new-born, that is, a defect in the coagulating 
mechanism of the blood such as occurred in both of our cases especially 
in the first one. This hemorrhagic tendency is frequently associated 
with if not due to, some underlying infectious process analogous to 
hemorrhages in the medulla of the suprarenal so commonly found in 
the new-born.’® The fourth and probably the most important factor 
is the role played by infectious diseases, especially syphilis. It is very 
common to find small petechial hemorrhages in the thymus in infectious 
disease, in fact, Dudgeon noted them in 95 per cent. of the cases of 
pneumonia in infants. These minor hemorrhages are not to be confused 
with the more extensive blood extravasations referred to as thymus 
apoplexy in which the role of infection is not so clear. Undoubtedly, 
the hyperemia associated with an infection predisposes to hemorrhage. 
The fact that necrosis and suppuration preceded the hemorrhage in 
both of our cases makes the presence of an infection, probably syphilitic, 
most likely. Here, again, the same factor of infection plays the impor- 
tant role in hemorrhage in the suprarenal of the new-born.’* 

Another point of interest is that the early history of bleeding from 
the nose and mouth occurring in each of our cases indicated a hemor- 
rhagic tendency and should have suggested appropriate serum or whole 
blood therapy to offset any complications, although with a syphilitic 
background, as in our cases, the results would have been the same. 

The symptoms in our cases suggested a tendency to general hemor- 
rhages, but there was nothing to indicate that the hemorrhage had 
involved the thymus gland. Nor have we found anything in the litera- 
ture which would aid in the diagnosis of a thymus hemorrhage. 

The possibility that the rapid enlargement of the thymus gland 
from the diffuse infiltration of blood could have been the immediate 
cause of death in a mechanical way cannot be excluded, especially in 
Case 2. The mechanical action of an enlarged thymus unassociated 
with other factors has been exaggerated and we do not feel that the 
evidence available justifies it as the cause of death in thymus apoplexy. 


SUMMARY 

Thymus apoplexy is a rare condition of extensive hemorrhage 
throughout the gland and is not to be confused with the smaller pete- 
chial hemorrhages frequently occurring in acute infections. 

It usually occurs in very young infants or the new-born and is often 
associated with sudden death. 

It seems to be associated with syphilis more than any other factor, 
but circulatory stasis, trauma, nonspecific infections and a hemorrhagic 
tendency are contributing, if not the main, factors in some cases. 

There is no way of making a clinical diagnosis. 





19. Litzenberg, J. C., and White, S. M.: Hemorrhage in the Adrenal Glands 
of Infants, J. A. M. A. 51:1964 (Dec. 5) 1908. 











THE FOOD REQUIREMENTS OF CHILDREN 
IV. CARBOHYDRATE REQUIREMENT 
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NEW YORK 


The carbohydrate in the diet of the growing child has, as far as 1s 
known, no specific function to perform. Nevertheless, it is a very 
essential component of the diet. It serves mainly as a source of energy, 
supplying the necessary calories which are not furnished by fat and 
protein. In so doing, however, carbohydrate accomplishes other pur- 
poses. It is the most efficient sparer of protein, being for this purpose 
superior to fat. This function of carbohydrate is so well known and 
has been so frequently discussed in the literature that it need not be 
taken up in detail here. It has been accepted generally that carbo- 
hydrate is essential for complete metabolism of fat, and that in the 
absence of carbohydrate from the diet, or when the amount is very low, 
fat is incompletely burned and acidosis may result. 

When digestion is normal, a reasonable intake of carbohydrate is 
almost, if not quite, completely utilized in the body, leaving no residue 
to be eliminated in stools and urine. The excess that is not immediately 
used for energy is stored in the form of glycogen to be used later for 
energy or is converted into fat and added as such to the tissues of the 
body. 

Carbohydrate is the most economical food from a physiologic as 
well as a commercial point of view. Physiologically, it is economical 
because of its complete utilization and because the energy required for 
digestion, that is, the “cost of digestion,” is much lower than that of 
fat or protein. The commercial economy in carbohydrate foods is well 
known. They can be produced more cheaply than other foods ; they can 
be stored for a long period without significant deterioration; they can 
be shipped and marketed in a compact form and are not readily affected 
by changes of temperature or by exposure. Because of these facts the 
market price of carbohydrate foods is much lower than that of the 
foods which are composed mainly of fat and protein. Table 1 gives 
the number of calories of carbohydrate which could be purchased for 
10 cents at a small retail store in New York City, Feb. 1, 1922. For 
comparison are given the number of calories in fat and protein foods 
which could be purchased for the same amount at the same time and 


place. 


‘ 


* Received for publication, March 17, 1922. 
*From the laboratories of the Rockefeller Institute for Medical Research 
and the Babies’ Hospital. 
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Carbohydrates form the greatest part of the diet of the human race 
at every period of life. The nursing infant receives a high proportion 
of carbohydrate as lactose in woman’s milk, nearly one-half of the 
caloric value of the milk being due to the sugar. The nursing infant 
takes about 50 gm. lactose daily at the end of the first month and an 
' average of 80 gm. daily during the latter part of the nursing period. 
Infants taking modifications of cow’s milk usually receive more carbo- 
hydrate than do nursing infants. This is given because the amount of 
fat in modifications of cow’s milk is in most cases considerably lower 
than that in woman’s milk. Although a higher proportion of protein 
is given, this does not entirely make up for the reduction in the calories 
furnished as fat and consequently a larger amount of carbohydrate 
must be supplied. 


TABLE 1.—Catories PurcHASABLE FOR TEN Cents. Fes. 1, 1922 








Articles Retail Price Number ¢ 
Calories 


L 
— 


Carbohydrate Feods: 





Sugar. granulated............... De inks cities den ssccccccccvces 3,100 

a 20 cents per 2.5 pound can................- 1,970 

RS ei iE RRR ES NE 12 cents per 20 ounce package.............. 1,980 

DT th cawethets apeedah eyed ens rr 1,360 

eo vob Stes paigeersee shwe 9 cents per 15 ounce loaf.................. 1,270 

re ee 30 cents per 28 ounce package.............. 980 

Ge a cn ca ae Wiad Paden sane ee rrr 770 

ie it oie ad diel ok a mbiehbaaal $0 cents per POUNG Jar..........cccccccsess 530 
Fat Foods: 

EES Sareea ma I ns nt ccenesaadanssose 740 

ek aul 5b sa itde oowia I I ans hnkvid4cnd<renvesesxas 600 

Cream, Sheffield X (includes 

some protein and sugar)...... ee OE ID orn 0s éccceveesevcdses 240 

Protein Foods (include some fat): 

Cheese, American................ en an cpcccsecccscusecses 590 

eS SS ee ae 200 

EG, SOOO BTOWE...6.cccccccsee Se inc nccscesvcvssesceseves 180 
Mixed Food: 

Milk, Sheffield, Grade A.......... ee le Gack ede cnenccu-ven0edeoseess 355 


The nursing infant receives carbohydrate entirely in the form of 
lactose. The infant on modifications of cow’s milk may take lactose 
entirely or part lactose and part saccharose, maltose, dextrin, or starch, 
or a combination of these. It is not usual for any large proportion 
of the carbohydrate to be given as starch during the first year. When 
a mixed diet is taken at least one-half of the carbohydrate is usually 
in the form of starch, the rest being sugars—lactose, saccharose and 
fructose with occasionally a certain amount of dextrin and maltose. 

The amount of carbohydrate taken by children more than 1 year 
of age varies according to the theories of the physician and the notions 
of the parent and even more according to the habits and tastes of the 
child. The carbohydrate variation is greater than that of any other 
constituent of the diet. Some children habitually take large amounts of 
bread, others live mainly on cereals, while with still others potatoes 
form the predominant article of diet. Many children consume an 
excessive amount of sugar, taking several teaspoonfuls on cereal and in 
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other foods and sometimes even having sugar added to the milk taken. 
The relative amount of sugar taken by these children is steadily 
increased with age, since the child’s palate demands a marked degree 
of sweetness in all foods and will not take those which do not taste 
sweet. In such cases the amount of sugar consumed soon forms a 
surprisingly large proportion of the diet to the exclusion of the other 
needed constituents. 

Many children take, besides the amount of granulated sugar eaten 
with foods, a great deal in the form of jam, marmalade, jelly or syrup. 
It is often forgotten that syrup and honey are practically pure carbo- 
hydrate in a concentrated form, and that jam, marmalade and jelly 
usually contain from 80 to 90 per cent. sugar. Many a mother or 
physician who would think an ounce of granulated sugar excessive 
does not realize that an ounce of syrup or a rounded tablespoonful of 
jam contains practically the same amount of sugar. To these sources 
of carbohydrate must be added candy. There are few children. who 
get no candy and the majority take several pieces and not a few as 
much as half a pound daily. A small piece of candy is equivalent to 
about one teaspoonful of sugar. It is obvious that a few pieces of 
candy increase the carbohydrate intake appreciably. 

The degree to which sugar has come to form a prominent part of 
the diet of the American people is a cause for serious reflection. One 
hundred years ago the consumption of granulated sugar averaged only 
8 pounds per capita. Last year the average was 84 pounds. The 
amount consumed as candy is a very large item in sugar consumption. 
The statement was made a few years ago by an official of a corporation 
operating 5 and 10 cent stores that their annual sales of candy exceeded 
60,000 tons. 

The carbohydrate intake of more than a hundred healthy children 
specially studied by us is shown in Charts 1 and 2. In Chart 1 are given 
the values in grams of the total carbohydrate taken daily. The curves 
shown are those representing the grams of carbohydrate which would 
be required to supply 50 per cent. of the total calories which are needed, 
according to our estimates,’ at the different ages. Our investigations 
have shown that this proportion of the total calories, that is, 50 per 
cent., is the average taken as carbohydrate by a normal healthy child. 
The figures on which this average is based will be presented later. 

In Chart 2 are given the values for the carbohydrate intake in grams 
per kilogram of body weight. The curves represent the grams of carbo- 
hydrate supplying 50 per cent. of the caloric requirement per kilo. 

Charts 1 and 2 illustrate the wide variation in the carbohydrate 
intake of healthy children. This is most evident in the chart showing 
grams per kilogram. There are more very high values than very low 





1. Holt, L. E., and Fales, H. L.: Am. J. Dis. Child. 24:1 (Jan.) 1921. 
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ones and several instances of an intake of more than 15 gm. carbo- 
hydrate per kilogram. Chart 1 shows that there was more consistency 
in the total amount of carbohydrate taken daily. There are few low 
values, but several exceedingly high ones. One girl, 8 years of age, 


CARBOHYDRATE TAKEN BY WORMAL CHILDREN -— GRAMS DAILY 
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AGE Wi YEARS 1 2 3 - 5 6 7 e 9 wo 2 23 64 8S 6 7 8 ADWT 
Chart 1 
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took 464 gm. carbohydrate daily. One boy, 9 years of age, took 560 
gm.; another, aged 10, took 488 gm. and one, aged 14, took 683 gm. 
daily. 

The average intake according to years is shown in Table 2, which 
gives the values for boys and girls separately and for both sexes grouped 
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together. It will be seen that the total daily intake increases with fair 
regularity with the years, while the intake per kilogram decreases with 
the years. The average of all the cases, regardless of age, is about 
10 gm. per kilogram. It is interesting to note that the carbohydrate 
intake per kilogram of the boys aged 14 to 16 showed a marked increase 
over that of the boys a little younger. 

The observations reported in the literature, in which the carbo- 
hydrate intake of children after infancy was ascertained, show varia- 
tions quite as wide as those in our own cases. As a rule, the amount 
of carbohydrate per kilogram of body weight taken by young children 
was higher than that taken by older children. The children studied by 
Miller * had very high intakes of carbohydrate, nearly all over 10 gm. 
per kilogram, while several children took as much as 17 gm. The 
intake of carbohydrate in Camerer’s cases was low, as were the other 


TABLE 2.—AverAaGE CARBOHYDRATE INTAKE OF CHILDREN. 
ORIGINAL OBSERVATIONS 


Boys Girls Both Sexes 
Age C-H Intake C-H Intake C-H Intake 
Years No. of -- —| No. of - -—_—_————| No.of -————————_—— 
Cases Total Gm. Cases Total Gm. Cases Total Gm. 
Gm per Gm. per Gm. per 
Daily Kg. Daily Kg. Daily Kg. 
1-2 2 90 9.2 5 154 12.8 7 128 11.8 
2-3 4 142 10.0 7 179 13.3 ll 165 12.1 
3-4 6 147 10.9 4 176 11.7 10 158 112 
4-5 7 178 10,2 5 166 9. 12 173 9.8 
5-6 5 219 11.1 5 211 11.9 10 215 11.5 
6-7 3 280 11.5 5 196 9.3 8 228 10.1 
7-8 2 261 10.3 3 27 11.2 5 269 108 
&-9 4 291 10.8 5 288 10.5 a) 289 10.6 
+10 5 357 12.2 4 247 8.9 rt) 308 10.7 
10-11 6 338 10.9 3 272 8.5 9 317 10.2 
11-12 3 292 7.8 l 268 7.2 4 226 7.7 
12-13 1 366 8.0 2 257 5.5 3 293 6.3 
13-14 ‘. wins ones 1 287 6.4 l 287 64 
14-15 2? 571 9.9 l 296 6.2 3 480 8.9 
15-16 2 541 9.6 1 346 6.6 3 476 8.1 
16-17 l 320 7.8 aks oan 1 380 7.3 
17-18 vue : 1 272 4.8 l 272 4.8 


constituents. Gephart * found that the amount of carbohydrate taken 
by the boys of St. Paul’s School was much in excess of the average 
adult consumption, averaging more than 600 gm. daily. This represents 
an average of 13.7 gm. per kilogram for the youngest group of boys 
who averaged 13 years of age, 12.4 gm. per kilo for the group of boys 
who averaged 141% years and 9.9 gm. for those averaging 16 years. 
The amount of carbohydrate in the usual adult dietary is from 400 
to 550 gm. daily, which represents from 5 to 8 gm. per kilogram of 


body weight. 





2. Miiller, E.: Biochem. Ztschr. 5:143, 1907. 
3: Gephart, F. C.: Boston M. & S. J. 176:17, 1917. 
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Murlin* found that the men in the United States Army training 
camps took on the average 545 gm. carbohydrate daily. This is 
equivalent to 8.2 gm. per kilogram, the average weight being 146 
pounds, or 66.5 kilograms. 

From the data obtained concerning the diet taken by the normal 
children studied by us it was possible to calculate approximately the 
amounts of carbohydrate taken as sugar and as starch by these children. 
The values obtained are only approximate, since the relative amounts of 
sugar and starch used in cooking the various articles, such as cake, 
pudding, etc., could, in most cases, be only estimated from a knowledge 
of common recipés. It may be assumed, however, that our estimates 
are reasonably accurate. 

It is surprising that the average of all the cases, regardless of age, 
showed that 51 per cent. of the carbohydrate intake was in some form 
of sugar. The proportion of sugar ranged from 27 to 82 per cent., 
but more than two-thirds of the values were between 40 and 60 per 


TABLE 3.—Averace AMOUNTS OF STARCH AND SUGAR TAKEN 





— _—— 




















Age in No. of Gm. Carbohydrate as Age in | No. of Gm. Carbohydrate as 
Years Cases - Years Cases a 
Starch | Sugar | Starch Sugar 

1-2 7 65 63 0-11 | 98 161 156 
2-3 ll 71 44 11-12 4 136 1m) 
3-4 10 85 73 12-13 3 162 13] 
4-5 12 86 87 13-14 | 1 133 154 
-6 10 101 114 14-15 3 277 203 
6-7 8 lll 117 15-16 3 229 247 
i- 5 137 132 16-17 | 1 216 1ti4 
&Y 9 128 161 17-18 | 1 108 164 
9-10 9 149 159 | 


cent. In Chart 3 are given the proportions of starch and sugar taken 
by each child, arranged according to age. This shows that there is 
comparatively little individual variation in the distribution of the carbo- 
. hydrate intake as starch and sugar. It is apparently usual in the mixed 
diet of children to give practically equal amounts of starch and sugar. 
It should be noted that the value for sugar includes not only the 
saccharose used in cooking or on cereals, etc., but also the fruit sugars 
and the lactose of the milk which was taken separately or which was 
used in the preparation of other foods. 

Table 3 gives the average values according to years for the daily 
intake of starch and sugar. 

It was also possible to estimate roughly the proportion of different 
sugars which made up the sugar intake. Some interesting observations 
were thus brought out. Table 4 shows the averages, according to years, 
of the grams of lactose, saccharose and fruit sugars taken by the chil- 
dren studied. It will be seen that the lactose intake does not vary 





4. Murlin, J. R., and Hildebrandt, F. M.: Am. J. Physiol. 49:531, 1919. 
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widely. The saccharose. taken, however, shows an almost steady 
increase with age up to the eleventh year, with a marked increase dur- 
ing adolescence, the amount taken at that time being about ten times 
as much as the average taken by children under 4 years. It is sur- 
prising to note how much of the sugar was supplied by fruits. This 
value includes all the carbohydrate in the fruit. This is largely fructose 
but some of it is saccharose, and there is included in some instances a 
small amount of starch, for example, in apples and bananas when not 
thoroughly ripe. 

In Chart 4 are shown the percentages of the total carbohydrate 
taken as ‘different sugars by each child, the values being arranged 
according to age. 

TABLE 4.—Averace Amounts oF DIFFERENT SUGARS TAKEN 





Both Sexes.—Average Gm. Daily 

















Age, No. of Lac- Saccha- -~ Fruit Other Total 
Years Cases tose rose Sugars* Sugars Sugars 
1-2 7 30 9 24 ‘sn 63 
2-3 ll 33 19 40 2t O4 
3-4 10 34 12 27 — 73 
4-5 12 36 26 24 If 87 
5-6 10 35 89 37 38 114 
6-7 s 29 55 33 cl 117 
7-8 5 24 69 38 lt 132 
8&9 9 40 64 57 e* 161 
9-10 9 39 76 43 It 159 
10-11 9 44 53 59 < 156 
11-12 4 42 59 44 5t 1% 
12-13 3 45 48 35 a 13 
13-14 1 9 69 76 we 154 
14-15 3 48 124 31 7" 203 
15-16 3 55 140 R ss 247 
16-17 1 27 87 5O | aa 164 
17-18 1 29 12 33 = 164 


* This includes all sugars occurring in fruit taken; largely fructose, but includes con- 
siderable saccharose and oceasionally very small amounts of starch 

+ Honey (levulose and dextrose). 

t Maltose. 

§ Honey and maltose. 


The economic advantage of carbohydrate foods over fats and pro- 
teins has brought about a tendency to allow carbohydrate to form an 
excessive proportion of the modern diet. There are several important 
disadvantages in this procedure. The production of diabetes must be 
reckoned as a possible danger, as has recently been suggested. If the 
proper caloric intake is maintained, a very high proportion of carbo- 
hydrate necessitates a low proportion of either fat or protein. Hence, 
there is a possible danger of reducing the amount of fat or protein 
below that which is necessary for normal nutrition. When a diet high 
in carbohydrate and low in fat and protein is taken, there may result 
an excessive retention of water in the tissues of the body. High carbo- 
hydrate feeding leads also to an excessive deposition of fat in the body. 
This condition is often seen in infants fed on sweetened condensed 


5. Micheal, J. 


C.: Arch. Dermat. & Syph. 2:455 (Oct.) 1920. 
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milk or on the proprietary foods, which are chiefly carbohydrate. It 
is quite usual with such feeding to achieve a rapid gain in weight. 
Infants fed in this way, however, are usually found to have very low 
resistance to infection. Their tissues are high in fat and water but 
low in muscle. When a digestive disturbance occurs, or when an infec- 
tion takes place, this unnatural weight is rapidly lost and the child often 
succumbs readily. A similar condition was produced experimentally in 
pigs by Washburn and Jones.* They found that young pigs fed on 
sweetened condensed milk put on an excessive amount of fat. The 
protein increase in their bodies was, however, much below normal, and 
the bone development was defective, the bones being only ‘two-thirds 
as strong as when whole milk was fed. Table 5 gives a summary of 
some of their findings. 

There is a growing belief that the large and constantly increasing 
proportion of carbohydrate in the diet of civilized races has a very 
important relation to the prevalence of dental caries. It has been 





TABLE 5.— Comparison OF GROWTH IN SEVEN WEEKS OF SIX PIGS ON 
CONDENSED MILK WITH S1x PicGs oN WHOLE MILK 











Calorie Weight, Fat, Protein, Breaking 

Feeding Intake Gain in per Cent. per Cent. Strength 
Daily Kg. of Gain of Gain (of Femur in 

Pounds 





ee ree oe 1,370 11.35 9.2 15.61 362 
Sweetened condensed milk.... 1,270 8.10 23.65 10.92 243 
Whole milk contained fat, 3.3; sugar, 5.2; protein, 3.6 per cent. 


Sweetened condensed milk contained fat, 1.6; sugar, 9.8; protein, 1.6 per cent. 


observed that Arctic peoples, whose diet is almost entirely fat and 
protein with but very little carbohydrate—and that usually in the form 
of starch, rarely suffer from dental caries. 

Stefansson, the Arctic explorer, has stated that he himself has 
examined 500 skulls which were dug up from an old cemetery in Ice- 
land of about the eleventh century. In only one skull was an imperfect 
tooth found and that was evidently the result of injury. He further 
stated that the Eskimos who live on a meat diet have perfect teeth, 
but, when they come in contact with civilization and eat the foods of 
other races they suffer severely frem dental caries. 

Furthermore, archeologic researches have shown that dental caries 
was prevalent in ancient Egypt. More recently the discovery of a 
very primitive human skull in Rhodesia has shown that dental caries 
existed in earliest times. Both of these localities are tropical or sub- 
tropical in climate and the early diet was probably composed largely 
of plant foods and hence was predominantly a carbohydrate diet, a 
complete contrast to that taken by the Arctic peoples. 


6. Washburn, R. M., and Jones, C. H.: Vermont Agric. Exper. Sta. Bull. 195. 
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Whether the tendency to dental caries is due to an excess of carbo- 
hydrate or to a consequent reduction of other constituents of the diet— 
fat, protein, mineral salts or vitamins—has not yet been established. 

Of great importance, also, is the effect on digestion of a diet in 
which the proportion of carbohydrate is excessive. When a very large 
amount of carbohydrate, especially in the form of sugar, is taken into 
the digestive tract at one time, it is often impossible for absorption to 
take care of it. The consequence of this is excessive fermentation in 
the intestine, due to bacterial action, with the formation of carbon 
dioxid and organic acids, which may be very irritating to the mucous 
membrane of the intestine. This excess of acid usually causes a 
quickened peristalsis with large, loose, acid stools. The result is a 
decreased absorption of all the food constituents and frequently a 
serious diarrhea. When the diet contains an excess of carbohydrate 
in the form of starch, somewhat different symptoms frequently develop. 
There is often constipation, great abdominal distention, flatulence and 
colic. 

TABLE 6.—Grams oF CARBOHYDRATE COMBINED WITH ONE GRAM 
VEGETABLE PROTEIN 














| Gm. Carbo- Gm. Carbo- 
Food hydrate Food hydrate 
| per Gm. per Gm. 
Protein Protein 
' quam —— ee — 
ES | 0.6 SR TS Rie eee? ee ee | 5.8 
AERTS AEE EE } 0.6 le eS sais 68 6.4 
WAG ic seiiccvoescssoeesccoccese | 0.7 Cream of wheat.............. 6.9 
2) SPSS) ak Sr eee | 2.4 | SS” Cer ee ree 8.4 
RN Rivaicwatviicteosccceeves | 3.7 RE aa ee ee 8.4 
SOURS ets 6 60kkb ooh bcvcechias 4.2 





Usually these disorders of digestion are acute and not very severe, 
yielding quickly to proper dietetic treatment. When, however, they are 
frequently repeated or are prolonged through lack of proper dietary 
adjustment, they lead to serious chronic disturbances with marked loss 
in weight. This condition is often difficult to control and a very great 
reduction in the carbohydrate of the diet is required for a long time 
before the normal tolerance for carbohydrate is reestablished. This 
condition is most frequently seen in the second and third years of life. 

In the discussion of the protein requirement of the child we have 
stated that if vegetable proteins are depended on to supply the protein 
need during growth very large amounts of carbohydrate are inevitably 
given, since vegetable proteins occur only in combination with large 
amounts of starch. Table 6 shows the amount of carbohydrate, usually 
in the form of starch, which is combined and necessarily given with 
each gram of vegetable protein in some common foods. It will be seen 
from this table that nuts and soy beans are the only foods which supply 
much vegetable protein without including very large amounts of carbo- 
hydrate. 













































54 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


Although nuts have been found to be well utilized by adults without 
disturbance of digestion, the wisdom of giving them to children in any 
considerable quantity is questionable. It is not advisable to depend on 
them as a source of protein. It would appear from its chemical composi- 
tion that the soy bean is an excellent source of vegetable protein. This 
vegetable, used so extensively in China, is not familiar to the American 
people. It has a peculiar flavor, not very palatable according to our 
tastes, and on that account will probably not gain any great popularity 
in this country, where other sources of protein are readily available. 

In the other articles of food which supply vegetable protein there is 
so much carbohydrate combined with the protein that there is danger 
of serious disturbance of digestion from the excess of carbohydrate. 
It is evident that for this reason alone, as well as for the others given 





in a preceding article, it is not wise to depend on vegetable foods to 
supply the protein need of the child. 

As has already been stated, in addition to the positive harm which 
may follow excessive use of carbohydrate in the diet of the child, there 
must always be considered the additional disadvantage which follows 
this plan of feeding because of the inevitable reduction of fat and 
protein. 

It has been shown that a definite amount of protein should be 
included in the diet of the growing child.’ It seems rational to allow 
in the diet at least as much fat as protein.’ The total calories needed at 
any age can be estimated with a fair degree of accuracy.' Hence, the 
amount of carbohydrate required is determined by subtracting from the 
total caloric need the calories supplied by the needed amounts of fat 
and protein. On this basis there should be allowed for the healthy 
child of average activity about 12 gm. carbohydrate per kilogram at 1 
year, decreasing to between 9 and 10 gm. or about 1 per cent. of the 
body weight, at 6 years and maintaining about this value throughout 
the remainder of the growth period. 





If the total caloric need is raised above the average by increased 
muscular activity, carbohydrate may be used to provide the entire 
amount of extra energy, since an increase in muscular activity does 
not increase the needs in protein or fat above the normal. 





SUMMARY 


1. Carbohydrate is a desirable and probably an essential component 
of the diet, although it does not have any specific function in nutrition. 
It forms the largest part of the diet at all periods of life. 

2. Nursing infants take on the average about 12 gm. carbohydrate 
per kilogram of body weight daily. Artificially fed infants usually 
receive somewhat more than this. 


7. Holt, L. E., and Fales, H. L.: Am. J. Dis. Child. 22:371 (Oct.) 1921. 
8. Holt, L. E., and Fales, H. L.: Am. J. Dis. Child., to be published. 
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3. The carbohydrate in the diet of the infant is almost all sugar, 
that of the nursing infant entirely lactose, that of the artificially fed 
infant usually a mixture of lactose with saccharose or maltose and 
dextrins. 

4. The carbohydrate intake of more than one hundred healthy chil- 
dren from 1 to 18 years of age, studied by us, averaged 10 gm. per 
kilogram, Of this 51 per cent. was sugar, including lactose, saccharose 
and fructose, and 49 per cent. was starch. 

5. Carbohydrate is more economical than fat or protein, both 
physiologically and commercially. Because of this latter advantage 
there is a growing tendency to increase the proportion of carbohydrate 
in the diet beyond the amount which is desirable. 

6. When a very large proportion of the food is in the form of carbo- 
hydrate, the intake of fat or of protein or of both is likely to be less 
than the normal nutritive need of the body. 

7. A diet excessive in carbohydrate leads to an abnormal deposition 
of fat without a corresponding increase in muscle development. Chil- 
dren taking such a diet have feeble resistance to infection. 

8. There is evidence that a relationship exists between the high pro- 
portion of carbohydrate in the modern diet and the prevalence of dental 
caries. 

9. Definite digestive disturbances, chiefly intestinal, may be pro- 
duced when the carbohydrate in the diet is excessive. There may 
result increased fermentation with loose acid stools or constipation 
with flatulence and abdominal distention. When long continued these 
disturbances are very difficult to control. 

10. Carbohydrate furnishes the calories needed in the diet which 
are not supplied by the requisite amounts of fat and protein. 

11. It seems rational to allow in the diet of the child of average 
activity about 12 gm. carbohydrate per kilogram of body weight at 
one year, decreasing the amount to about 10 gm. per kilogram at 6 years 
and maintaining it at this value throughout the remainder of the 
growth period. 

12. An increase in the total caloric need because of increased 
activity may be supplied by carbohydrate alone. 











FOOD REQUIREMENTS IN NEW-BORN INFANTS 
A STUDY OF THE SPONTANEOUS INTAKE 


HAROLD K. FABER 


SAN FRANCISCO 


Food requirements are commonly estimated by one of two methods, 
by measuring the heat output or by measuring the caloric intake. Heat 
output, as measured by direct or indirect calorimetry, has been most 
useful and has given the most significant information in defining our 
standards of basal metabolism. Such information as we have on the 
total energy requirement has come, in the main, from measurements of 
the total food intake. In the new-born this has been determined ftom 
the amounts of breast milk taken by healthy infants. The summary 

von Reuss, condensed in Table 1 and plotted in Figure 1, includes 
most of the data in the literature covering this point. 

here is, however, a serious objection to figures based on an 
assumed correspondence between intake and needs. The amount of 
breast milk obtained is governed by the supply available. That the 
supply during the first few days is not adequate has been proved by 
metabolic measurements and by clinical observation. Thus Benedict 
and Talbot? state, on the basis of their observations, that “even under 
the most favorable conditions the total amount of available energy in the 
colostrum which the child receives from the mother’s breast during the 
first few days is wholly insufficient to supply the energy needs, even 
when we consider only the basal metabolism. Still less does this scant 
fuel supply serve for the probable increment above basal metabolism 
caused by the restlessness, crying and varied muscular activity of the 
infant throughout the day. It is thus seen that the struggle for existence 
and struggle for food begin simultaneously with the new-born infant. 
Since the food supply is so obviously insufficient, we may ask why 


nature does not provide more liberally during the first few days. It 
is a most striking fact that only human mothers and new-born infants 
are so entirely dependent on the care of others. The relationship 
between this fact and the development of civilization is most interesting 
and leads one to ask if this scant food supply is a natural consequence 
of civilization.” The not infrequent occurrence of inanition fever dur- 






* Received for publication, June 15, 1921. 

*From the Division of Pediatrics, Stanford University Medical School. 

1. Von Reuss, A. R.: Die Krankheiten des Neugeborenen, J. Springer, 
Berlin, 1914, pp. 91, 92. 

2. Benedict, F. G., and Talbot, F. B.: The Physiology of the New-Born 
Infant, Carnegie Institution of Washington, Pub. No. 233, Washington, D. C., 
1915, pp. 124-126. 
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Fig. 1—Average normal intake of breast milk. Calculated from von Reuss’ 
compilation. 
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Fig. 2—Line ACD: actual weight curve—average of 112 infants. Line 
ABD: theoretical ideal weight curve. 
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ing the first few days is direct evidence that the water supply, at least, 
is inadequate and it can be readily shown (Fig. 2) that the initial loss 
even of the most favored group of so-called normal babies far exceeds 
the mechanical loss. The respiratory quotient shows that during the 
first days the metabolic processes rapidly exhaust the stored carbo- 
hydrate and soon attack the stored fat and sometimes perhaps the body 
protein, Acidosis at this time is not uncommon.’ 
If we wish to know something more about the total needs for food 
during these first days of life we can adopt another procedure; we may 
ffer the infant all the food which he desires and determine the amounts 
which he actually takes in the presence of plenty. So far as I can find 


TABLE 1.—SumMmMmary oF Cases SHOWING BrEAST MiLK INTAKE 
FOR First TEN Days or LiFE* 











Number Average Average Average Average 
Day Cases C.c. Breast Calories Energy Weight. 
Milk Quotient Gm. 
109 46 31 9 3,250 
155 140 93 29 
157 238 159 49 
4 175 319 213 66 
F 177 380 253 78 
¢ 179 401 267 82 
7 17/ 421 281 87 
S 161 423 282 87 
9 147 448 299 RP 
_ , 64 442 295 91 
Seven Cases (Feer 
i 4 3 1 3,528 
: 5 33 10 
37 





‘ e os re 368 
eaten ‘ : oes aay 378 120 















; aii 562 375 119 
If ‘ ie : fae 603 402 127 


From von Reuss’ compilation. rhe original sourees were in some instances consulted. 





no one, except Murlin and Bailey,* has attempted feeding of this 
sort in the new-born, and their results are not reported in detail. 

For reasons, into which it is not necessary to go fully, about ninety 
new-born infants in the wards of Lane Hospital were fed in this way. 
The infants were put to the breast every four hours, an effort being 
made to obtain for them all the breast milk available, and then given 
as much of one of the formulas to be described as they wished to take. 
By weighing before and after nursing and by measuring the quantities 
taken from the bottle, the total intake was determined. In all, about 
eighty-five records were complete enough for statistical analysis, 






making a total of 932 patient days or 5,592 feedings. By using the 





3. Bailey, H. C., and Murlin, J. R.: The Energy Requirement of the New- 
Born, Am. J. Obst. 71:526, 1915. 
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average figures of Holt, Courtney and Fales* for colostrum milk, of 
Van Slyke*® for cow’s milk, and of an analysis of Red Label Karo 
Syrup made for me by Dr. F. J. Cajori of Stanford University, the 


caloric values of the ingested food were determined. 


The variability 


in composition, especially of colostrum is fully recognized. This would 
not seriously invalidate the averages for the whole group and would 
only emphasize the importance of individual variation, of which a spe- 


cial point will be made. 


During the first twenty-four hours all infants were offered 15 per 
cent. Karo solution with a caloric value of about 620 calories per liter. 


Thereafter they were offered after nursing one of the formulas shown 
These formulas were based on Pirquet’s conception of 


in Table 2. 


TABLE 2.—GENERAL FORMULA 








oe kw cada Pars bebenOsiwae GaRE CURES 
ee ds bcp sah ee tienen aenudeehenewns 
ee ee. Ran tesenh mabe atid sndeesenes 


Mix and bring to a boil. 
Formula 1: with whole milk 


400 ©... 
120 C.e. 
480 C.c. 


Formula 2: with skimmed milk, taking the top 4 ounces from the quart 
Formula 3: with skimmed milk, taking the top 7 ounces from the quart 





Composition 
7 an 2 





Fat Carbohydrate Protein Cal. per Liter 
hie erated el hice aies aS & 0.6 14.0 1.3 679 
NLS winc'ctisexe vod sewed eacis 0.3 14.0 1.3 653 
EE he ticknessceetiiesecueess 2.8 7.6 2.3 667 
vob scene Gide ceststess i) 5.1 3.2 698 
Composition of Karo (Red Label) 
AN ——_—_~ 
Per 100 Grams Per 100 C.c. 
ins cucesdovndkta ue etiasiaetcuntkenens 22.98 Gm. 32.1 Gm. 
Pe nibthddnidintidn a5 iebebosghepanees * 00h és6uee +eeeure 1.36 1.9 
IS 6 ccundacerntnansene de ocuses 75.37 105.0 
a atl onda in eles eee caeektakvess 4 1.3 1.8 
IE An eee el SR eee eae 6.0 8.4 
i ah chvaadenetcgnuheaewesuessaubuss 24.4 34.0 
i thncnss dé denarkeraanenennds bhnnegnks 43.8 61.0 


Specifie gravity, 1.393 


* Analyses of Holt, Courtney and Fales. 
Analyses compiled by Van Slyke. 


+ 


an “equivalent milk” °“—a mixture having approximately the same 


caloric value as whole milk. 


Fear of disorders from butter fat led to 


the use of a low fat percentage. The use of corn syrup, introduced in 
pediatrics by Marriott ’—a highly hydrolyzed starch, consisting of 
dextrose and its polymers—seems logical. In our experience, practically 
no disturbance of digestion has followed the use of the rather high 


carbohydrate mixtures. 


preparation, these were practically sterile. 


Having been brought to a boil at the time of 


4. Hott, L. E.; Courtney, A. M., and Fales, H. L.: A Chemical Study of 
Woman’s Milk, Especially Its Inorganic Constituents, Am. J. Dis. Child. 10: 


229 (Sept.) 1915. 


5. Van Slyke, L. L.: Modern Methods of Testing Milk and Milk Products, 
The Orange Judd Company, 1915, pp. 15-16. 
6. Von Pirquet, C. F.: System der Ernahrung, J. Springer, Berlin, 1917. 

7. Marriott, W. McK.: The Artificial Feeding of Athreptic Infants, J. A. 


M. A. 73:1173 (Oct. 18) 1919. 
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Average Intake.—Table 3 and Figure 3 show the total average fluid 
intake and caloric intake. The total intake rises rapidly in a smooth 
curve to the fifth day and then increases more slowly and somewhat 
irregularly to a maximum of about 600 c.c. and 400 calories on the 
twelfth day. Reduced to cubic centimeters and calories per kilogram, 
as in Figure 4 and Table 4, the intake will be seen to increase rapidly 
to about 150 c.c. and 100 calories on the fifth day, after which it rises 
more slowly and irregularly to about 160 c.c. and 115 calories on the 


TABLE 3.—Totat INTAKE 











Average Average Average Average 
Day No. Cases Weight, Gain or Total Total 
Gm Loss, Fluids, Calories 
Gm. C.e. 

1 eb 6. oh = Re 104 69 
y 86 —124 217 145 
Diivccaciamaeees 86 — 22 315 210 
4 serene 85 + 21 409 272 
Dicaibod dh awae 85 + 37 453 301 
rr rr 87 + 30 483 322 
S4 + 40 515 348 
rer ; 84 + 32 518 345 
9.. ‘i &4 + 22 508 338 
10 a 82 + 21 525 350 
a eee 69 + 18 556 270 
12 13 + 32 5&6 S99 





TABLE 4.—AveracGe INTAKE IN CuBIc CENTIMETERS AND 
Catortes Per KILOGRAM 











Day No. Cases Average C.c. Average Calories 
per Kilo per Kilo 
er ; Sh docaaesiietiie 87 34.4 22.5 
, er ibiets eaters 86 68.1 48.1 
Disseie ieues eauaie &6 98.6 68.8 
| Oe: , eps 85 124.9 89.6 
ae : - het) 137.9 98.9 
Sic. So age 87 144.4 104.1 
Tn cede thaw 7 : &4 152.7 107.9 
&.. Jaa =P S4 1530.7 108.2 
9 : ee me hed 84 147 6* 104.2 
TT ET EE TC a eee: ne 82 154.5 111.0 
a ; rr rrr ye 69 157.2 114.6 
12 bw ei s-seeees 13 167.3 117.3 
5-12. ; Swiksene patae 588 } 149.3 105.3 








* The slightly lower intake here is probably due to the fact that a rumber of infants 
were circumcised at this time 
twelfth day. In Figure 5 the relation of the caloric intake to previously 
established standards is shown. On the second day, the intake equals 
the basal needs, as determined by Benedict and Talbot; on the third 
day, it slightly exceeds the total average requirement of these investi- 
gators; on the fifth day, it equals the average total requirement of 
Heubner,® above which it rises slightly during the succeeding days. It 
should be noted here that the estimates of Benedict and Talbot do not 


8. Heubner, O., and Heubner, W.: Zur Lehre von der energetischen 
3estimmung des Nahrungsbedarfes beim Saugling, Jahrb. f. Kinderh. 72:121, 
1910. 
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include an allowance for growth. The quantities of breast milk in the 
present series cannot be regarded as normal. There is definite reason 
for believing that the breast milk supply of the mothers in our wards 
has for several years been diminishing steadily (Fig. 6), and, in fact, 
this was the real reason for undertaking the present experiment. It 





| 
| | 
a =y) 
rs 7 . Fy rr) i iz 
Fig. 3—Line A-A’: average daily intake in cubic centimeters. Line B-B’: 
average daily intake in calories. 



























































is nen — a | T T m i | T 
| | 
| } 
eS ae = qt 
| } } . a oe a ea | 
rea 
mi = } i 4 
| | | | 
| 
12 rt i — 4 4 4 4 
\O4 } i aha 
* | | rt wae 
é P meee Ses or | 
£21 Ocal | ieee } | 
[37 | ot - | | | 
» yy *| | | 
Sy ina | | | n 
80} pean —f—— = en oe + + ' 
Are 7 | 
7. ae | 
/ 
—_/-$ ous Omen Wane Wk Pao 
} | 
rr +——}-— on oe 
i | 
j i | 
4 | | j | 
My ie oe | | 
w — eee a 7 ———— 1 : - 
| | | | 
| | | Se ae 
) ae 1 OE es a Se oe Poe i 
I pay 2 3 + 5 6 7 2 zo) 10 11 12 


Fig. 4.—Total intake in cubic centimeters and calories per kilogram. 


is of interest to note that the breast milk supply did not until the sixth 
day touch the level of basal requirements and had not by the twelfth 
day attained the level of total average requirements minus the growth 
quota. 

Figure 7 and Table 5 show the relation of the spontaneous intake 
in the present series to the average breast milk supply in von Reuss’ 
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compilation and to Feer’s® series of seven cases in which the milk 
supply was especially abundant and the infants made particularly rapid 
progress in weight. It will be seen that for the entire breast milk 
series, the caloric intake is 10 or 15 calories per kilogram lower, but 
that in Feer’s series after the fifth day the breast milk intake was 5 
or 10 calories greater than in the present series. It is noted in most of 
the cases in von Reuss’ compilation that the infants had failed to regain 
birth weight at the time of last observation. Figure 7 shows clearly 
that during the first four days, in so-called normal cases, the breast 
milk intake is less than the average total requirement, and even in the 
case of babies whose mothers have an unusually abundant supply of 
breast milk, the supply does not measure up to appetite until the 
sixth day. 

Rate of Gain.—Figure 2 attempts to show what may be regarded 


as the ideal weight curve, compared with the actual curve of the most 


TABLE 5.—ENeErGy QuoTIENT oF PRESENT SERIES COMPARED WITH THAT OF 
Frer’s SEVEN CASES AND VON Reuss’ COMPILATION 











Day Present Feer’s von Reuss’ 

Series Series Compilation 
ere : enna ‘ 23 1 9 
Bewee , : . 48 10 29 
eae sacwhedad ’ : Kaaeaiere 69 37 49 
| Ee ee mae <i 90 67 65 
ebnewa 99 96 78 
f 104 116 82 
ee ae ee ‘ ‘ is 108 117 87 
Pestana 6s Cas ° : 108 120 87 
Wautinccuaa’ “ ea 104 119 bee | 
Pete taa nw eneneks fo RES peek 11] 127 91 


favored group of babies to be found in our earlfer records. (The two 
curves were constructed before the present feeding experiment was 
begun.) The initial loss in the actual curve was approximately 225 
gm., while the average mechanical loss (taken, in the main, from the 
figures of Griffith anc Gittings*®) is only about 155 gm. Regarding 
the latter as the ideal average loss, and assigning the average daily 
gain found in normal babies for the first month, a hypothetical curve 
is obtained which may be considered as the ideal for the first twelve 
days. It will be seen that supposedly normal babies with the natural 
breast milk supply lose about 225 gm. during the first two days, then 
and up to the eighth day they gain at a very rapid pace; at this time they 
reach the ideal level and thereafter gain at the usual rate. Figure 6 
shows the average rate of gain of three unselected series of babies 
from three earlier periods in our wards as compared with the ideal 
curve, and, to the right, the incidence of inanition fever in the same 


9. From von Reuss, loc. cit. 
10. Griffith, J. P. C., and Gittings, J. C.: The Weight of Breast-Fed Infants 
During the First Two Weeks of Life, Arch. Pediat. 24:321, 1907. 
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series. Figure 8 shows the composite average of the three earlier 
periods as compared with the ideal and with the present series. It 
will be seen that the curve of the present series and of the ideal are 
practically identical. At the right is shown the incidence of inanition 
fever for all the series. Actually, one case developed in the present 
series ; this, in a baby who refused all food and who recovered only 
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Fig. 5—Spontaneous intake of food by new-born infants in calories per kilo- 
gram. Average of entire group. Solid line: total intake; broken line: 
breast milk. 
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Fig. 6—Average weight curves of three earlier periods contrasted with 
ideal curve. 


when fed by gavage. From this figure, it appears that the average 
intake as determined by appetite closely corresponds with the average 
amount required to sustain an ideal curve of weight. 

Figure 9 shows the average daily total gain plotted against the 
average daily total intake, from the time of low weight following 
the initial loss to the time of dismissal, or, as a rule, from the third to 
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Fig. 7.—Spontaneous intake in calories per kilogram. Solid line: present 
series (A-A’); broken line: average nursing infant -(B-B’) ; dotted line: Feer’s 
seven cases (C-C’). 
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Fig. 8—Weight curve of present series contrasted with earlier series and 
with ideal curve. Line a-a’: present series; line b-b’: theoretical ideal; 
line c-c’: average of three earlier series. 






































grams gnme 
amt 7 ” = + T 
. 
ie | ; 
| | . 
6 | . a ie “ - 
. 
| | o |e 
50 = : ——{2 
— = . + f 
* le : i - 
wo 
| “Se ° | eee we’ 
“hee he va 
. AA 
























































a | T. P ' 
Si ake % 
| . e - 
we =o t —+——* <4 — . 20 
i att a 
| LS " 
w}— 4 = — +——* +———-+ — lb 
io 
| | ° 
o+——+ 1 + 0 
| é | 
-t — | i D 
} 
— | + 
“0 : 7 a ee 


° calortes ad 


Fig. 9.—Average daily gain referred to average daily caloric intake. 
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the eleventh day. It shows that a satisfactory gain cannot be assured 
on less than 300 calories daily, and that in general, the average rate of 
gain follows the total caloric intake. Very striking, however, is the 
variability ; the scatter of the graph is very wide; the proportion of 
calories retained for growth varies prodigiously in difference infants. 
Figure 10 reduces the same data to calories per kilogram and gain to 





per 


Fig. 10.—Average daily gain or loss in percentage of body weight referred 
to average daily caloric intake; period from third day to time of dismissal. 





Cubic Centimeters per 


Fig. 11.—Distribution of Fluid Intakes in cubic centimeters per kilogram. 
Period from fifth to twelfth day inclusive. 


percentages of the body weight. The variability here also is striking. 
It will be noted that the average daily gain is 0.9 per cent. of the body 
weight daily, or 9 gm. per kilogram and the intake almost exactly 100 
calories per kilogram daily. The greatest concentration of measures 
lies between 0.57 and 1.24 per cent. of the body weight daily for gain, 
and between 88.5 and 110 calories per kilogram per day for intake. 
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V ariability—Averages at best show general tendencies; they have 
little bearing on the individual case unless something is known of the 
variability from the average of the individual components of the group. 
To measure variability certain mathematical methods, based on the 
frequency distribution, have been much used of late in the study of 
clinical statistics. For the purposes of the present study two frequency 
graphs (Figs. 11 and 12) have been made, showing the distribution 
of fluid intake and of energy quotient for the period from the fifth 
day—at which time the intake first reaches a plateau—to the time of 
last observation on the eleventh and twelfth days. A few infants are 
found who take as little as 65 and 75 c.c. per kilogram daily; for each 
increment of 10 c.c. the frequency increases until at 155 c.c. daily per 
kilogram we find the greatest number of cases. This point is the mode, 
or point of maximum frequency of the curve and corresponds approxi- 
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Fig. 12—Distribution of Caloric Intakes in Calories per kilogram. Period 
from fifth to twelfth day inclusive. 


mately with the average. With further increments of quantity, the 
number of cases, or frequency, diminishes, but even at 205 c.c. per 
kilogram we find a considerable number of cases. It is obvious that 
while the largest number of infants take 15.5 per cent. of their body 
weight daily during the period between the fifth and twelfth day, the 
extreme range of variation lies between 6.5 per cent. and 20.5 per cent. 
of the bodyweight. Likewise, in the case of calories per kilogram, 
while the greatest number of infants for the period took 105 calories 
per kilogram the range was between 45 and 195 calories. This is the 
extreme range. In order to separate the certainly normal from the 
possibly abnormal, I have suggested in another paper ™ that the stand- 


11.. Faber, H. K., and James, C. A.: The Range and Distribution of Blood 
Pressures in Normal Children and the Clinical Application of Statistical 
Methods to the Interpretation of Deviations from the Normal Average. (To 
be published in the Am. J. Dis. Child.) 
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ard deviation ® of Pearson be used. Measuring off the standard devia- 
tion above and below the mean or average we find the range of certainly 
normal, which will include about two-thirds of the cases in most clinical 
statistics. We may still further restrict our range to the central 50 per 
cent. of cases by the use of the so-called probable error. This has 
certain convenient practical implications. For the period from the 


TABLE 6.—VarIABILITY IN INTAKE 


Calories per Kilogram C.e. per Kilogram 


No. = 5 —— _ 
Day Cases Average Average Average Average Average Average 
Intake, Variation, Variation, Intake, Variation, Variation, 
Calories Calories* % C.c. C.c q 
1 87 22.5 9.2 40.9 34.4 14.7 42.7 
2 86 68.8 14.4 29.9 68.1 19.6 28.8 
3 86 68.8 13.1 19.0 98.6 19.5 19.8 
4 SD 89.6 16.3 18.2 124.9 22.9 18.3 
D 85 98.9 15.7 15.9 137.9 22.4 16.2 
6 87 104.1 16.7 16.0 144.4 22.6 15.7 
7 S4 107.9 16.4 15.2 152.7 20.5 13.4 
8 S4 108.2 16.2 15.0 150.7 21.6 14.3 
0 S4 104.2 13.7 13.1 147.6 19.0 12.9 
10 82 111.0 15.0 13.5 154.5 20.0 12.9 
1] 69 114.6 15.7 13.7 157.2 19.0 12.1 
12 13 117.3 9.6 8.2 167.3 15.1 O40) 
5-12 Hate) 105.3 15.9 15.1 149.3 21.3 14.3 


* More strictly, the “probable error,’’ which marks the limits above and below the average 
within which half the cases will occur. The other half will vary more than this amount 
from the average. 


TABLE 7.—Comparison oF QUANTITY OF BREAST MILK OBTAINED BY 
INFANTS IN Two SERIES 








Number Average C.c. | Average Average Average Average 
of Breast | Calories Calories Gain or Birth 
Day Cases Milk | per Kilo Loss Weight 





First! Second! First | Second! First | Second) First) Second) First Second First Second 
Series) Series Series Series | Series Series Series) Series | Series Series Series Series 


1 4 3 31 20 21 13 6 4 nee cee 3,350 3,312 
2 83 60 43 43 29 29 9 9 —124 —115 
3 85 63 115 123 77 82 24 26 —22 —47 
4 83 65 183 191 122 128 38 44 +21 +21 
) 83 58 228 260 152 174 46 55 +37 +15 
6 84 58 237 277 158 185 48 ° 58 +30 +30 
: | 82 58 265 309 177 206 53 64 +40 + 9 
8 82 56 263 315 175 210 52 65 +32 +8 
9 82 57 263 335 175 223 52 69 +22 —5 
10 79 60 277 346 185 231 64 72 +21 +10 
11 65 54 300 334 200 223 Ag 69 +18 +16 


First series: Infants with unlimited complementary feeding. 
Second series: Infants given complementary feeding only when breast milk was less than 
100 @.c. per kilogram, or 67 calories per kilogram. 


fifth to the twelfth day inclusive, the probable error—the variation in 
either direction from the mean—is 15.9 calories per kilogram and 21.3 
c.c. per kilogram. The variation is, therefore, -- 15.1 per cent. for 
calories and + 14.3 per cent. for fluid intake per kilogram. The range 
of variation of the 50 per cent. of cases nearest the average is shown 
for each day in Figures 13 and 14. As an example of the degree of 
variation it will be noted, that on the tenth day, while the average intake 


Se Aas na A 











68 AMERICAN JOURNAL OF DISEASES OF CHILDREN 





- a 





»e "-88 9s l02-i¢ Llp let 122-le7 | IM-173 | Leip 19-167 | 155-175 | USelm | I-67 
ee te ce ¢ ce cé ce ee es ce ec ec. Range 









































1 | 

S4¢ edcc ee wSce Isace | lates 1ssce | iSise | 148ce | issee| iSzee] 167¢C | Averages 
ol 1 al 
1 4 a) : 5 6 7 8B Q 10 u 12 Day 





Fig. 13.—Daily fluid intake in cubic centimeters per kilogram body weight 
showing range of variation of 50 per cent. of the cases. 
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Fig. 14.—Daily intake in calories per kilogram body weight showing range 
of variation of 50 per cent. of the cases (+ P.E.). 
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amounts to 111 calories per kilogram, the range of the central half of 
the cases extends from 96 to 126 calories. The complete figures are 
given in Table 6. 

Since Benedict and Talbot estimate that the average total require- 
ment of new-born infants is about 62 calories per kilogram, and since 
in the series here reported the spontaneous intake rose to this point on 
the third day and to 115 calories on the eleventh day, the question arose 
whether these infants were not actually taking more than they needed. 
Unlimited feeding was accordingly dropped, except for the first twenty- 
four hours; and a plan initiated by which each infant was assured at 
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Fig. 15.—Solid line: average of babies on breast milk alone or with limited 
complementary feeding. Broken line: average of babies with unlimited com- 
plementary feeding. 


least 100 c.c. of breast milk or equivalent formula per kilogram daily. 
No infant taking this amount or more of breast milk was given com- 
plementary feeding. He was thus assured about 67 calories per kilo- 
gram and any excess over this was supplied by breast milk alone. The 
records of sixty-two babies so fed are complete enough for analysis. 
The data are presented in Figure 15 and in Table 7. It will be seen 
that these infants obtained a little more breast milk but that the weight 
curve was unsatisfactory after the initial loss. That the latter was the 
same as for the first series was probably due to the fact that 15 per cent. 
Karo solution was used in the same way during the first day in 
both series. 
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COMMENT 


This paper does not deal with the question of whether or not a low 
or inadequate intake of food during the early days of life is a useful 
natural provision for increasing the vigor of sucking and hence for 
increasing the supply of breast milk. Nor does it advocate the method 
of feeding employed. Its only present purpose is to show the intake of 
food, as energy, when the appetite of the infant is the only controlling 
factor, and to relate the values found with weight and rate of gain, 
and with the values previously determined by other methods. 

As a result of the metabolic measurements of benedict and Talbot 
there is at present a sharp divergence of opinion as to the caloric 
requirements of new-born infants. The discrepancy is more apparent 
than real. The measurements by these investigators show a basal rate 
of about 44 calories per kilogram and an estimated average total 
metabolism, exclusive of growth, of about 62 calories. To this figure 
about 15 calories '* may properly be added as the average quota of 
calories retained for growth, making a total of about 77 calories per 
kilogram per day. 

On the other hand, Heubner’s figure of 100 calories as the average 
optimum intake has obtained abundant clinical corroboration. Beck 
(quoted by Morse and Talbot '*), compiling the average breast milk 
intake from the literature, found, for instance, that from 1 to 12 weeks 
the average intake is 107 calories per kilogram. The intake figures for 
the first week are, as a rule, lower, and a few cases of apparently 
normal progress have been reported on 50 calories or less (averaged for 
the week). As above stated, however, the extent of the initial loss 
commonly regarded as normal is greater than the mechanical loss, and 
the figures given measure supply rather than demand. 

Benedict and Talbot’s figures are for the first seven days and deal 
with babies receiving either no complementary feeding or only small 
amounts of very dilute formulas. Unfortunately, they did not measure 
the caloric intake. The average age of the 105 infants in their series 
is about 2 days, 1614 hours. They found that from the second to the 
seventh day the minimum heat production was fairly stable. 





12. Pfaundler and Schlossmann: Handbueh der Kinderheilkunde, Edit. 2, 


F. C. W. Vogel, Leipzig 1:183, 1910. Here will be found Camerer and Sdldner’s 
Chemical Analysis of Six New-Born Infants. The growth quota I have cal- 
culated from this analysis (fat, 12.3 per cent.; protein, 11.7 per cent.; extrac- 
tives, 1.5 per cent.; estimating extractives as carbohydrate) and from the 
average 9 gm. found in the present series as the daily increment per kilogram 
body weight. The value is in fair agreement with Camerer’s™ figure of 15 
per cent. and with Rubner and Heubner’s * figure of 12.2 per cent. of the total 
calories as the retention for growth. 

13. Quoted from Lusk, G.: The Elements of the Science of Nutrition, Ed. 3, 
W. B. Saunders and Company, Philadelphia and London, 1917, p. 412. 

14. Morse, J. L., and Talbot, F. B.: Diseases of Nutrition and Infant Feed- 
ing, Ed. 2, The Macmillan Company, New York, 1920, p. 73. 
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In the present series the average total caloric intake for the period 
from the second to the sixth day inclusive was 82 calories per kilogram ; 
or, to compare the data more accurately with the Benedict and Talbot 
figures, the average intake from the first to the seventh day inclusive, 
was 77.3 calories. This is in almost exact agreement with the Benedict 
and Talbot estimate when 15 calories are added to the latter for growth. 

During the second week the correspondence with the figures of 
Benedict and Talbot no longer holds. The average intake from the 
eighth to the twelfth days inclusive in the present series was about 107 
calories per kilogram, which is in exact agreement with the results of 
Beck’s compilation. 

It would naturally be erroneous to regard the average for the first 
week as applying to each day of that week. Calorimetry and food 
measurement both assign a low value to the energy requirement on the 
first day. During the ensuing days the basal level is higher than on the 
first and it is likely that a further increase occurs when the various 
bodily functions get into full swing. At any rate the demands of 
appetite rise sharply from the second to the fifth days, and thereafter 
continue to increase, though not so rapidly, to the twelfth day, the last 
of the present series. The amounts of food substances retained for 
growth may also increase a little, though of this we have at present 
no clear indication. Calculated in the manner above indicated, the 
average retention appears to be 15 calories per kilogram of body 
weight, with a variation for 50 per cent. of the cases of between 10 
and 20 calories. Digestive work and excretory waste increase pro- 
portionally with the total intake. The former may tentatively be esti- 
mated at 5 per cent. and the latter (as shown by Holt) at 10 per cent. 
of the total calories. Both digestive work and waste are presumably 
smaller (perhaps by 5 or 10 calories) on maternal than on artificial 
feeding. The following scheme is provisionally suggested for the 
apportionment of the total intake, as given in Table 4, for the period 
from the fifth to the twelfth day: 


Basal requirements (minimum heat production).... 45-55 calories 
NEN SE IS deo s ce ad ees esse sds eed sees 10-20 calories 
Sg csicwie siz Sams ove bo 0 oes ccmsnss 4- 6 calories 
ee |, Ss a 20-30 calories 
EE Fi ehh nics Sadi andde Baik toredeateseespeentewes 8-12 calories 

Total (maximum caloric needs)............. 87-123 calories 


A word may be said as to the predictability of individual caloric 
needs. How closely can we estimate a given infant’s total needs? 
Reference to Table 7 shows that after the fourth day, the probable 
error is about 15 per cent. of the mean values. This signifies that if 
we prescribe the mean or average quantity of the present series, we 
shall for one half of our cases be within 15 per cent. of the actual needs 
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Since the probable error must be multiplied by four to cover all, or 
nearly all cases, it appears that the average requirement may at times 
fall 60 per cent. over or under the actual needs. Practically, the clinician, 
unless he is very conservative, will adjust his prescription for healthy 
infants to the point where the infant is usually satisfied. The mother 
who is herself regulating the baby’s feeding will do likewise—she will 
nurse the baby until he stops crying. 


SUMMARY 

lt appears probable that appetite provides a fairly accurate index 
to the needs of the new-born infant. In the series of eighty-five cases 
here reported, and with the formulas employed it also appeared to be 
a safe guide in so far as the avoidance of dangers to digestion is con- 
cerned. The demands of the infant for food exceed the basal require- 
ments on the second day, equal the average total requirements of 
Benedict and Talbot on the third day; rise on the fifth day to the 
Heubner optimum of 100 calories, and thereafter rise slowly to about 
115 calories near the end of the second week. That these demands are 
not excessive is indicated by the weight curve which, avoiding a greater 
initial loss than can be accounted for by mechanical factors, shows the 
same rate of gain as was previously established for healthy infants in 
the same community. 

A final warning should be given that the method of feeding herein 
described, adopted for a special purpose, is not advocated for general 
use with breast fed infants. It may well be that for the conservation 
and increase of mammary secretion a period of partial starvation during 
the first week or two is useful or even necessary. 

For infants who cannot have breast milk the claim of appetite to be 
satisfied may with less hesitation be given a hearing. 

Grateful acknowledgment is made to Miss Katherine Crellin, head nurse of 
the obstetrical wards of Lane Hospital, and her assistants for the painstaking 
care with which the many weighings and other measurements of the present 
study were carried out; to Miss Fannie Hadden for valuable help with the 


compilations, and to Dr. F. J. Cajori of the department of chemistry of Leland 
Stanford Junior University for the analysis of corn syrup. 

















DATA IN THREE THOUSAND SEVEN HUNDRED 
AND FORTY-TWO PIRQUET TESTS * 


STAFFORD McLEAN, M.D. 
NEW YORK 
AND 
HELMINA JEIDELL, M.D. 


SALT LAKE CITY 


From August, 1913, to January, 1919, the Pirquet test was applied 
in the Babies’ Hospital in 3,742 cases. It is the custom at the hospital 
to apply the test as a routine procedure in cases of acute and chronic 
illness, feeding cases, malnutrition, etc. It is not, as a rule, applied 
to children admitted for surgical operation for harelip, cleft palate, 
adenoids, tonsils, hernia, pyloric stenosis, etc. During the period 
covered in this study 7,494 children were admitted to the hospital. The 
test was applied in 3,742 cases, or in 49.9 per cent. of those admitted. 
The test was positive in 573 cases, or 15.3 per cent. Crude tuberculin, 
commonly known as Koch’s O. T., furnished by the New York Depart- 
ment of Health, was used undiluted in every instance. The test was 
applied on the arm or leg. Two light scratches were made approxi- 
mately 14 inch in length and 2 inches apart. Into one scratch the 
tuberculin was lightly rubbed with a toothpick having a flat end; the 
other scratch was used as a control. In doubtful cases the test was 
repeated. It was not usually considered négative until forty-eight hours 
after application. 

For purpose of study and for comparison with findings of others 
we have tabulated our results according to age, showing per cent. of 
positive Pirquet reactions (Table 1). 

Of the entire group of 3,742 children tested, 2,204 were males and 
1,538 females, with approximately the same proportion of positive tests 
for each sex, the former having 15.42 per cent. positive and the latter 
15.14 per cent. positive. 

The relation between white and negro children was rather signifi- 
cant. Although the number of negro children was small, these results 
confirm the observations of others regarding the greater prevalence of 
tuberculosis in the negro race, even in infancy and early childhood. 
In negro children 220 tests were made. Of these 45, or 20.45 per cent., 
were positive. Comparing these tests with 3,522 tests made in white chil- 
dren of whom only 528, or 14.99 per cent., were positive, it shows the 
incidence of tuberculosis among the negro race to be 5.5 per cent. higher 
than in the white race. 


* Received for publication April 3, 1922. 
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As our negro patients are drawn mainly from a section of the city 
in which the more prosperous negroes live, it is our impression that 
these figures are possibly lower than the average for the whole negro 
population of the city. 

It must be remembered that these figures in no sense bear any rela- 
tion to the incidence of tuberculosis in the community generally, but 
only to its frequency in the particular group which furnishes hospital 
patients. The patients on whom these studies have been made were 
reared in crowded city tenements, in boarding-out homes, and under 


TABLE 1.—ReESULTS OF PrirQUET Test AccoRDING To AGE 

Age No. Tests No. Positive Per Cent. 

Reactions Positive 

0-3 months.. s eaaeaete 687 13 1.89 * 
}-6 months. as j OT 40 7.89 
6-9 months..... Ser ecamer ad 463 47 10.15 
9-12 months. , : SP ieaeaie re 343 47 13.70 
SE, AE GTI occ vcuviesecoucucies Gabenbo ee 2,000 147 7.35 
12-18 months... Sa aroles 487 83 17.04 
18-24 months... ; 363 68 18.73 
12-24 months... 6Seneds 850 151 17.76 
2-3 years...... ‘evan aoe p 37 107 28.84 
> years and over.. Aaa area ait 521 168 32.24 


TABLE 2.—C.iinicat Data ON Five HuNpRED AND SEVENTY-THREE CASES 


























Age Died in Hospital Unimproved Improved Cured Total 

O-S MOMS. ......06060. 7 (58.8%) 2 1 3 13 
-6 months......... 22 (55.0%) 11 3 4 40 
6-9 months.......... ae 19 (40.4%) 10 7 11 47 
DBS Tso ccekeccvesees 27 (57.4%) 6 3 11 47 
Total under 12 months 75 (51.0%) 20 14 29 147 
12-18 months..... ; 29 (34.9%) 22 10 22 §3 
TE-26 MOMENB o.oo cccccccscs 22 (32.3%) 15 5 26 68 
Total 2-3 years... iales 51 (33.7%) 37 15 48 151 
24-36 months...... ‘ 25 (23.3%) 16 10 56 107 
} years and above.. he ie 10 (5.98%) 14 12 132 168 
2 years and above......... 35 (12.7%) 30 22 188 275 
i: ee 161 (28.0%) 96 51 265 573 


other unfavorable environments unsuited to proper growth and develop- 
ment. Nor in our opinion do the hospital patients of medical wards 
caring only for infants and very young children represent an average 
of the tuberculosis incidence prevailing even in what may be termed 
the poorer classes. 

The infant usually seen in the feeding wards of such a hospital is 


generally one who has had a prolonged history of disturbed nutrition 
associated with poor hygiene and neglect. Again, there are a large 
number of children with tuberculous meningitis or miliary tuberculosis 
who have been referred to the hospital as a last resort. In the hospital 
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in which these studies were made there is an average admission of 
thirty cases of tuberculous meningitis a year. One is apt to receive 
the impression that tuberculous meningitis is a fairly common disease 
in infants; yet how infrequently are such cases, in fact any form of 
tuberculous infection in children, observed in private practice. 

Table 2 gives the available data concerning the fate of the positive 
cases. 

Of especial interest are 147 children under 1 year of age who gave 
a positive reaction. Seventy-five died in the hospital ; seventeen others 
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Increasing prevalence of tuberculosis with advancing age, showing per cent. 
positive in 3,742 cases. 


were removed, of whom seven had tuberculous meningitis and should 
be counted as fatal cases, thus making 54.6 per cent. of proven cases of 
tuberculosis, while ten had clinical evidence of probable tuberculosis in 
some other form on discharge. Twelve other children were discharged 
“unimproved,” but without definite evidence of tuberculosis. Fourteen 
children were discharged “improved”; only one of these had clinical 
tuberculosis, while twenty-nine, or 19.3 per cent., were discharged as 
“cured” of the clinical condition for which they were admitted, having 
at no time while under observation shown any evidence of tuberculosis. 

Table 3 shows the clinical evidence of tuberculosis in the ten cases 
removed from the hospital. 
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The remaining seven cases were cases 
tubercle bacilli having been found in the spinal fluid in every instance. 
Ages of 1 and 2 Years.—Of 151 children between 1 


Cases Between 


and 2 years of age who gave a positive reaction, fifty-one died in the 
hospital, forty-eight were cured of the condition for which they were 


DISEASES 
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of tuberculous meningitis, 





TABLE 3.—Data on Ten Cases ReEMovep From Hospital 


No Age, Diagnosis Family History Nursed 
Mos. and Exposure 
l 4% Cervical adenitis... eid cated au daeio Negative To present 
4 Chronic tuberculosis of choroid............ Ritual circum- To present 
cision 8th day 
5 Acute miliary tuberculosis.................. Negative To present 
{ 1] Pulmonary tuberculosis.................... Negative 3 months 
11 Pulmonary tuberculosis... Negative 2 weeks 
{ f Tuberculous peritonitis..................... Negative 
7 8 Pulmonary tuberculosis.................... Father probably 
tuberculous 
8 & Pulmonary tuberculosis.................... Negative 5 months 
) 1] General miliary tuberculosis................ Negative 2 months 
10 9 Tuberculous meningitis, pulmonary tuber- Negative 5 months 
culosis 
TABLE 4.—Ctinicat Data on NONMENINGITIC CASES OF TUBERCULOSIS 
No Age, Diagnosis Family History Nursed 
Mos. 
11 17 Tuberculous peritonitis.. Negative 4 months 
12 24 Tuberculous cervical adenitis Negative 
13 13 Pulmonary tuberculosis.................... Negative 9 months 
14 19 Pulmonary tuberculosis.................... Negative 9 months 
15 91 Pulmonary tuberculosis............. Negative 20 months 
16 19 Pulmonary tuberculosis.................... Negative 3 months 
17 15 Tuberculous adenitis 
18 17 Pulmonary tuberculosis, tuberculosis of Negative Nursed to present 
knee plus artificial 
food at 2 mos. 
19 13 Tuberculous dactylitis........... Negative 11 months 
"> 22 Tuberculous peritonitis..... Negative 5 months 
1 14 Pulmonary tuberculosis.................... Father had tuber- 1 years 
culous laryngitis 
19 Pulmonary tuberculosis... ee eee Negative 10 months 
18 Subcutaneous tuberculous abscess......... Mother died of Never nursed 
“consumption” 
8 mos. ago 
24 17 Pulmonary tuberculosis......../........... Negative 8 months 
25 11 Pulmonary tuberculosis.................... Negative 3 months 
Pe 14 Tuberculous peritonitis... .......ccccsceces Negative 5 months 
7 20 Pott’s disease...... ide aweae so kieenl Negative 16 months 
8 17 Pulmonary tubereculosis.................... Negative 3 months 
29 292 Pulmonary tuberculosis, tuberculous peri- | Mother had pul- 1 month 
tonitis monary tuber- 
culosis 
30 15 Tuberculous hip, tubereulons abscess...... Negative 3 months 
31 24 General miliary tuberculosis, pulmonary Negative 1 year 
tuberculosis 
18 General miliary tubereulosis................ Negative 6 months 
18 General miliary tuberculosis................| Negative 17 months 


admitted, fifteen were improved, and thirty-seven were removed against 
advice. Of these, twenty-nine had positive evidence of tuberculosis, six 
should be counted as fatal cases, as they had tuberculous meningitis 


when removed. 


This makes a total mortality of 37.7 per cent. 


The clinical evidence of tuberculosis in the remaining twenty-three 


cases which were not meningitis is shown 


in Table 4. 
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Three of the infants discharged as “improved” had clinical evidence 
of tuberculosis. 

One infant discharged as “cured” was in the hospital 292 days with 
tuberculous peritonitis. 

Cases Between Ages of 2 and 3 Years.—Of 107 children between 
2 and 3 years of age who gave a positive reaction, twenty-five died in 
the hospital, sixteen were removed, ten were discharged improved and 
fifty-six were cured. Of the sixteen removed, three had tuberculous 
meningitis and should be classed among the fatal cases, and ten had 
clinical evidence of tuberculosis in seme other form. The total mor- 
tality, which includes the tuberculous meningitis cases, was 26.1 per cent. 

Of the ten infants discharged as “improved,” four had clinical 
evidence of tuberculosis. Of fifty-six infants discharged as “cured,” 
two had clinical evidence of tuberculosis. 

Cases at 3 Years of Age and Above.—Of 168 children three years 
of age and above, ten died in the hospital. Of fourteen removed against 
advice, eight had clinical evidence’ of tuberculosis of some variety. Of 
twelve discharged as “improved,” three had evidence of tuberculosis 
in some form. Of the 132 discharged as “cured,” none had any demon- 
strable signs of tuberculosis. The total mortality was 5.9 per cent. 

It is a matter of importance to rule out any question of error in 
technic in such an analysis of cases. All the Pirquet tests in this study 
were made either by the resident physician of the hospital or one of 
the interns. These men are, in most instances, well trained and qualified 
to make such tests. There is always the personal equation in recording 
the results of the tests, which will have to be considered in any study 
embracing a large number of cases. 

Regarding the question of the age of the tuberculin bearing on 
the reaction, Dr. William H. Park asserts that crude tuberculin should 
keep mdefinitely, even at room temperature. It is possible in a large 
number of cases that occasionally the scarification was made either too 
deeply or not deeply enough, and, therefore, faulty technic might have 
influenced the reaction. Such an error would be discounted if the test 
were repeated once or successively. For this reason a second grouping 1s 
made of such cases as gave one or more negative reactions in which 
tuberculosis was definitely proven. There were fourteen such cases, 
with an average of 2.7 tests per case. As an index of the condition of 
the forty-four children at the time the tests were made, it should be 
noted that.in twenty-eight instances the tests were made from one to 
five days before the death of the patient, and in five cases the test was 
done from five to eight days before death. 

The fact that tuberculous infants in a very feeble condition fre- 
quently have a negative Pirquet test has been noted by many clinicians. 
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The poor condition of thirty-three of the patients in this group, judging 
their condition by the number of days intervening between their admis- 
sion and death, probably explains the negative tests. However, nine 
infants had sufficient resistance to live ten days or more, and in these 


TABLE 5.—NEGaTI! PIROQUET REACTIONS IN Forty-Four Cases oF TUBER- 
CULOSIS, PRovED By NECROPSY OR THE FINDING OF ‘TUBERCLE 


BACILLI IN THE SPUTUM OR SPINAL FLuID 


Days Positive Findings 
No Age, Diagnosis ; in No. of Tuberculosis at 
Mos, Hos- Tests Necropsy in Spinal 
pital Fluid and Sputum 
{ 15 Miliary tuberculosis ay 4 1 Necropsy 
6 Miliary tuberculcs s P 5 l Bacilli in sputum 
f 42 Miliary tuberevlos s Sees 15 1 Necropsy 
7 7 Miliary tuberculosis on ] 1 Necropsy 
‘ 14 Miliary tuberculosis 6 1 Necropsy 
, 19 Miliary tuberculosis caer 3 2 Necropsy 
) Tuberculous meningitis 3 2 Necropsy 
9 Miliary tuberculosis. a 9 3 Necropsy 
; Tuberculous meningitis, Pott’s disease.... lo 2 Bacilli in spinal 
° fluid 
/ ) Miliary tuberculosis. . 3 2 Necropsy 
44 8 Miliary tuberculosi- 7 1 Necropsy 
5 15 Tuberculous meningitis.. 7 3 Necropsy 
if 12 Tuberculous meningitis 5 4 Baeilll in spinal 
fluid 
$ 11 Miliary tuberculosis 3 1 Necropsy 
is 19 Tuberculous meningitis 5 2 Necropsy 
4") 14% ‘Tuberculous enteritis, miliary tuberculosis 2 | Necropsy 
z 30 Miliary tuberculosis, tuberculous _ peri- 42 2 Necropsy 
tonitis 
51 { Tuberculous meningitis... . Scans 3 1 Bacilli in spin: 
fluid 
1] Miliary tuberculosis, pulmonary tuber- 34 l Bacilli in sputum 
Cl los Ss 
) “ Miliary tuberculosis.. re s 24 2 Necropsy 
54 9 Tuberculous meningitis... Aer l 1 Bacilli in spinal 
fluid 
Tuberculous meningitis.. pddm an awies 12 7 Bacillf in spinal 
fluid 
6 14 Tuberculous meningitis... - ee 1 ' | Necropsy 
7 4 Tuberculous meningitis... a ne 3 2 Necropsy 
58 11 Miliary tuberculosis big ae 5 1 Necrorsy 
9 13 Tuberculous meningitis I Necropsy 
if 7 pO ee 5 1 Necropsy 
61 } Miliary tuberculosis. ot 4 1 Necropsy 
62 10) Miliary tuberculos.s eae 3 1 Necrorsy 
6 3% Tuberculous meningitis... ae 3 1 Necropsy‘ 
tig 19 Tuberculous meningitis... sa 10 l Necropsy 
¢ $2 Tuberculous meningitis... na 16 3 Necropsy 
f Marasmus ‘ ; ; ae 30 l Necropsy 
67 20 Empyema-pericarditis.. , — 2 1 Necropsy 
i8 1] Tuberculous meningitis 3 2 Necropsy 
69 18 Tuberculous meningitis 2 1 Necropsy 
70 36 Acute purulent pericarditis soleeratcid & 1 Necropsy 
71 ) Miliary tuberculosis... ibwansies's l 1 Necropsy 
72 8 Tuberculous meningitis maine 6 1 Necropsy 
13 4% | Regulation of feeding.. are Pe } l Necropsy 
74 30 Tuberculous meningitis .. ‘ venegi 4 1 Necrorsy 
7 16 Tuberculous meningitis om. 5 l Necropsy 
76 13 Tuberculous meningitis... ee 3 1 Necropsy 
77 18 von Jaksch’s anemia. | Necropsy 


we should expect the test to be positive. Of these nine infants four 
had miliary tuberculosis, and in two the test had been repeated. Four 
were cases of tuberculous meningitis. The test had been repeated in 
three, and in one case it had been repeated six times. One of the 
nine infants had marasmus, and although it lived thirty days, it is 
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probable that the poor nutrition of the infant was the cause of the 
negative reaction. 

The following cases included in Table 5 seem of sufficient interest 
to merit further comment: 


SYNOPSIS OF CASES 


Cases 1 anp 2 (Nos. 46 and 65).—Japanese, ages 12 months and 3’ years, 
respectively; tuberculous meningitis. The first child was admitted in poor 
condition and had four negative tests while under observation. The secon 
child was admitted in good condition and had three negative tests while under 
observation. 

Case 3 (No. 60).—Age, 7 months. Discharged from the hospital eight days 
previously with a diagnosis of ileocolitis, “cured.” At the same time the Pirquet 
test was positive. When readmitted, the child’s condition was poor and the 
Pirquet test was negative. The father was in the hospital under treatment for 
pulmonary tuberculosis. 

Case 4 (No. 49).—Age, 6 weeks, breast feeding exclusively, abdomen dis- 
tended since birth, no known exposure to tuberculosis. 


Of this group of forty-four cases with negative Pirquet tests and 
positive evidences of tuberculosis, seven infants had been entirely breast 
fed from birth. 

Of the entire group of forty-four cases of proven tuberculosis with 
negative Pirquet tests, twenty infants had tuberculous meningitis; 
nineteen others had miliary tuberculosis (seventeen proved by necropsy 
and two by finding tubercle bacilli in the sputum). The other five 
infants had other forms of tuberculous infection demonstrated at 
necropsy. Of those with tubeculous meningitis, fifteen had poor or 
very poor nutrition, four had fair, and only one had good nutrition. 
Of those with miliary tuberculosis, twelve had poor or very poor nutri- 
tion and seven had fair nutrition. 

The youngest of these infants was 614 weeks old, and the oldest 
+3 months. Twenty-two of the children were under 12 months. 


Sears I RE se a stpa oid W Sick oS «Scene wks 4 cases 
ES ee PR 0 pSes ie 3 cases 
ee nS RS ech Ja eas Gk aie 9 cases 


ee I nicl a wp patwnisiais.é 
12-18 months.... 


Se eee pee 6 cases 


8 cases 


NS Ee LL Oo Oe es ee 5 cases 
EET RS Ee a ee ee . 4 cases 
ee SOUS GUE GHEE. onc osc os caus ccaawraavencecs 4 cases 


Positive Reactions in Breast-Fed Infants Without History of Expo- 
sure.—Thirty-one cases have been assembled with the view of presenting 
the difficulty of determining the mode of infection of many of the 
cases of tuberculosis in infancy and childhood. 

It has often been stated that the most dangerous types of persons 
with pulmonary tuberculosis are those who do not known they have 
the disease and those who think they have been cured. In obtaining 
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a history of exposure, the first type cannot be excluded, except by the 
most rigid social service cooperation, which has not been at any time 
available to us. In so far as the so-called “cured” cases are concerned, 
we believe that a careful history generally elicits the information that 
some one in the family has had pulmonary tuberculosis at some time. 
In twenty-nine of the thirty-one cases, the children had been nursed 
entirely up to the time of admission to the hospital, or within a few 
days to a week prior to admission. In two of the cases the infants 
had been nursed twelve and fourteen months, respectively ; the former 
was 14 months of age and the latter 18 months. 

The fact that twenty-nine of the infants had been nursed entirely 
would seem to rule out the possibility of a bovine infection. Nineteen 
of the thirty-one infants had either tuberculous meningitis or miliary 


tuberculosis or both, one had tuberculous cervical adenitis, and one 


TABLE 6—Cases witH Positive or DoustruL REACTION AND NEGATIVE 
Necropsy FINDINGS FOR TUBERCULOSIS * 


Findings at Pirquet 


Age, Family His 
Necropsy Test 


No. | Mos. Diagnosis tory and 
Exposure 








78 13 Empyema... Negative Bronchopneumonia; | Positive 
no tuberculosis 
79 9 Acute bronchopneumonia. Negative Negative for tuber- Doubtful, probably 
culosis negative 
80 17 Marasmus; tetany... Negative Glioma of brain; Four slightly posi- 
negative for tu- tive tests, nega- 
berculosis tive after 24 hrs. 
81 10 Glioma of cerebeiluim... Negative Tumor of cerebel- Doubtful, counted 
lum; negative for negative 
tuberculosis 
g2 26 Cerebral tumor: chronie Negative Glioma of brain; Slightly positive 


hydrocephalus 


negative for tu- 


bereulosis 
83 Pneumococcus septicemia; Negative Negative fortuber- | Slightly positive 
tetany; empyema culosis 


* It is of interest, but probably of no significance, that in three of these cases a brain 
tumor was found at necropsy. 


had pulmonary tuberculosis with tubercle bacilli in the sputum; none 
of the others had a demonstrable tuberculous lesion, yet all had a posi- 
tive reaction. In view of the fact that every infant in this group of 
cases had been breast-fed, it seems probable that in every instance the 
infection was acquired from a human contact. In spite of this pre- 
sumption, certainly in thirty of the thirty-one cases, the history 
offered no evidence that the parent or parents were aware of the fact 
that the child had been in contact with a tuberculous person. The 
average age for the thirty-one infants was 8 months. 

Positive Reactions in Very Young Infants—The details relating 
to thirteen infants under 3 months of age with positive reactions are 
especially important because the mother had positive tuberculosis in 
four instances and there was a probable tuberculous exposure in three 


In six cases there was no history of tuberculosis in the 


instances. 
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family and no exposure was known. Of the four cases in which the 
mother definitely had tuberculosis three of the infants had proven . 
tuberculosis, and the fourth infant was discharged “cured” of the 
condition for which it was admitted. In the three cases with a probable 





i Ae 


TABLE 7.—Positive Reactions IN BreEAST-FED INFANTS WITHOUT 
EXPosuRI 








No. Age, Diagnosis Family History Nursed “ 
Mos. and Exposure ; 
&4 FS... Tuberculous meningitis, miliary tuberculosis. . Negative 1 year, + solid 
food since 
85 s Tuberculous meningitis, miliary tuberculosis. . Negative Entirely 
S6 41%, | Trachael stenosis due to tuberculous bron- Negative Entirely 
chial lymph nodes 
87 18 Tuberculous meningitis, miliary tuberculosis. . Negative Entirely 
tal 4 BO GOT TIONS Bins os oc cccncseccccccacures Negative Entirely P 
SY 7% | Miliary tuberculosis, tuberculous meningitis, Negative Entirely 
tuberculous enteritis ; 
on 12 Tuberculous meningitis, miliary tuberculosis. . Negative 11% months, H 
artificial feed- ; 
ing since ‘ 
91 4 Tuberculous meningitis, miliary tuberculosis. . Negative Entirely } 
92 11 Tuberculous meningitis... ............ccecsecees Unele who lived in Entirely i 


same house 8 mos. 
had pulmonary 
tuberculosis 





93 11 Pulmonary tuberculosis..........ccccccecsceses Negative Entirely f, 
94 5 Pulmonary tuberculosis, miliary tuberculosis.. Negative Entirely 

95 10 Tuberculous meningitis, miliary tuberculosis. . Negative Entirely td 
96 8 SIR REE SECS EE ay iia ee a enna Negative Entirely f 
97 5 Tuberculous meningitis, miliary tuberculosis. Negative Entirely 
98 ~ "TUDCTOUIOUS MRORIMBIEIS.... 60 scccccccssccecccsces Negative Entirely H, 
99 9 Tuberculous meningitis, miliary tuberculosis. . Negative Entirely 

100 5 Acute miliary tuberculosis... .............e.e00- Negative Entirely 4 
101 51% | Tuberculous meningitis, miliary tuberculosis.. Negative Entirely 

102 3 Tuberculous meningitis, miliary tuberculosis. . Negative Entirely + 
108 10 Tuberculous meningitis, miliary tuberculosis. . Negative Entirely 5 
104 14 ERIS Lact HCE CS Ape ee ene eee Negative Entirely 

105 4 ea ok re oo ho cwehinabaleGudetd aaeieebebwate Entirely 

106 15 , ERS EEN pemimia dis hacbete ah ard aol ie alah aaamanwdercee aie Entirely 

107 12 Acute bronchopneumonia.... a REA Negative Entirely 

108 1% | Acute gastro-enteritis.................. (aint eae eaten eaD Entirely 

100 5 os aac Sona Gia ania mcs pleas Gal bOalw ae Ua SWS Entirely 

110 6 Tuberculous meningitis.....................008: Negative Entirely 

111 7 Secondary anemia................0-: | keelkieels gos aubeoreuees Entirely 

112 6 Defective cerebral development... . Se he Entirely 

113 7 ee Sia occ ccc cceccsccvacecdcclecs 5 ties y Entirely 

114 9 ning wi wea ik bode meawed woeoeeune Entirely 


TABLE 8—Data ReGarpInG Nine CHILDREN 12 MontHs Op or Less 
WHEN Pirguet Reaction Positivi 























Age at Age at Present Information Obtained by 
No. Test. Present, Race Weight, Field Worker 
Mos. Mos. Pounds 
128 11 30 Negro " Very healthy child, well nourished 
129 6 34 American de Neighbor states that child is healthy 
130 7 12 Italian om Mother states child is well; field worker 
noted child was pale 
131 12 55 German 38 Mother states he is healthy 
132 10 48 American al Healthy 
133 2 18 Italian 20 Coughs, underweight 
134 12 54 Italian 35 Underweight, no symptoms 
135 8 48 Hungarian 39 Healthy 
136 3 32 Irish 27% Healthy 


exposure, one infant died and had tuberculous lesions at necropsy ; the 
remaining two were discharged from the hospital ; one was “improved” 
and the other “unimproved.” Of the six infants without a history 
of exposure two died in the hospital. Positive findings were recorded at 
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necropsy. Another infant died of meningococcus meningitis. Necropsy 
was not obtainable. Three infants were discharged “cured.” 

Of the thirteen cases, there was no other evidence of tuberculosis 
than the skin test in six, while the patients were under observation. 
Six patients died of tuberculosis in the hospital. It was possible to 
obtain data regarding only one of the six patients discharged from the 
hospital. At the time this information was secured the child (No. 127) 
was 14 months old, weighed 11 pounds 11 ounces, and was under 
treatment for “spastic paralysis.” 


SUMMARY OF CASES 


Case 5 (115).—White, aged 2 months; in hospital thirty-eight days. Nursed 
two weeks. Mother is in hospital with laryngeal tuberculosis. Necropsy: Gen- 
eral miliary tuberculosis and tuberculous meningitis. 

Case 6 (116).—White, aged 3 months; in hospital six days. Artificially fed. 
Mother has active pulmonary tuberculosis; cared for infant. Tuberculous skin 
lesions. Tubercle bacilli found in sputum. 

Cast 7 (117).—White, aged 3 months; in hospital eight days. Artificially 
fed. Mother living at home had pulmonary tuberculosis. Tuberculous 
meningitis. 

Case 8 (118).—Negro, aged 34%2 months; no exposure; nursed one month. 

Cast 9 (119)—White, aged 2% months. Maternal grandmother has pul- 
monary tuberculosis. Nursed one month, 

Cast 10 (120).—White, aged 2 months; in hospital twenty days. Mother 
thought to have pulmonary tuberculosis. Nursed one day. 

Case 11 (121).—White, aged 9 weeks; in hospital thirty days. Mother in 
hospital with pulmonary tuberculosis. Artificially fed. 

Case 12 (122).—White, aged 3 months. Died after three days’ observation. 
Family history and exposure negative. Nursed three weeks. Tubercle bacilli 
found in sputum. Tuberculous lesions found at necropsy. 

Cast 13 (123).—White, aged 3 months. Diagnosis: Tuberculous meningitis. 
Family history and exposure negative. Nursed entirely. Tuberculous lesions 
found at necropsy. 

Case 14 (124).—White, aged 6 weeks; in hospital four days. Discharged 
“cured.” No family history or exposure. Nursed entirely. 

Case 15 (125)—White, aged 2% months. Diagnosis: Meningococcus menin- 
gitis. Died. No necropsy. No family history or exposure. Two Pirquet tests, 
both slightly positive. 

Case 16 (126)—White, aged 2 months. Diagnosis: Tuberculous meningitis. 
Tuberculous lesions found at necropsy. Mother probably tuberculous. Nursed 
three days. 

Cast 17 (127).—White, aged 3 months. Family history and exposure nega- 
tive. Nursed one month. Now 14 months old. Weight 11 pounds 11 ounces. 
Diagnosis: “Spastic paralysis.” 


Relation to Exposure—In a group of 433 cases, which includes 
children with positive and negative Pirquet tests with positive findings 
of tuberculosis as necropsy in spinal fluid or sputum, there was a rela- 
tion to exposure in a considerable number of the cases. 


Exposure definite in 77 cases, or 17.7 per cent.. 
Exposure very probable in 10 cases, or 2.3 per cent. 
Exposure probable in 21 cases or 4.7 per cent. 
No history of exposure in 325 cases, or 75 per cent. 














THE VITAL CAPACITY OF THE LUNGS OF 
CHILDREN 


A PRELIMINARY REPORT * 


CHESTER A. STEWART, M.D., Pu.D. 
Assistant Professor of Pediatrics, University of Minnesota 
MINNEAPOLIS, MINN. 

AND 
O. B. SHEETS, M.D. 


HOLLYWOOD, CALIF. 


It is now definitely recognized that disease of the lungs or of the 
heart may produce a considerable reduction in the vital capacity of 
the lungs. Due to the fact that the normal lung capacity, particularly for 
children, is not generally known, clinicians have experienced difficulty 
in estimating accurately the extent of the reduction in vital capacity 
existing in individual cases. As a result such determinations are rarely 
included in the routine examination of children suffering from alleged 
cardiac or pulmonary disease. 

Rather extensive series of observations made on healthy children 
have been published especially by Gilbert,’ Smedley,? Baldwin,* Emer- 
son and Green* and Wilson and Edwards.® Unfortunately, most of 
these data have appeared in journals not readily accessible to the 
medical profession. We wish to contribute vital capacity averages for 
430 healthy children (228 boys, 202 girls), ranging in age from 4 to 15 
years inclusive. In addition, observations are reported for five children 
having bronchiectasis, and for five with tuberculosis. 

The vital capacities were measured by means of an accurately 
calibrated wet spirometer. The children were instructed to take the 
deepest possible inspiration, and then to empty the lungs completely) 
into the spirometer. Each child was given several trials, and the 
maximum amount repeatedly expired was recorded as the vital capacity. 


* Received for publication, Jan. 26, 1922. 

1. Gilbert, J. A.: Researches on the Mental and Physical Development of 
School Children; Studies from Yale Psychological Laboratory, 1894, 2: p. 40. 
Researches on School Children and College Students, University of lowa Studies 
in Psychology, 1897, 4: p. 1. 

2. Smedley, F. W.: Report of Commissioner of Education, 1:1095, 1902. 

3. Baldwin, .B. T.: Physical Growth and School Progress, U. S. Bureau of 
Education Bull. No. 10, 1914, p. 6. 

4. Emerson, P. W., and Green, H.: Vital Capacity of the Lungs of Children, 
Am. J. Dis. Child. 22:202 (Aug.) 1921. 

5. Wilson, M. G., and Edwards, D. J.: Vital Capacity of the Lungs and Its 
Relation to Exercise Tolerance in Children with Heart Disease. Standards for 
Normal Vital Capacity for Children. The Lung Capacity in Certain Intra- 
thoracic Conditions, Am. J. Dis. Child. 22:443 (Nov.) 1921. 
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When the cooperation of the child was unsatisfactory the observations 
were discarded. Care also was taken to include no child suffering 
either from acute respiratory infections, or from chronic heart or 
lung disease. 

The children were weighed naked, and at the same time the standing 
height was recorded. The sitting height was measured with the child 
seated on a chair against a perpendicular scale. 

The vital capacity of the lungs for the boys (Table 1) shows an 
increase with advancing age, from an average of 792 c.c. at 4 years 


to 3,044 c.c. at 15 years, a gain of 2,252 c.c. For the girls, during a 


TABLE 1.—AcGre, NuMBER OF NorMAL Boys AND GIRLS, AVERAGE VITAL 


Capacity (Sexes SEPARATED) 
Vital Capacity Vital Capacity 
\ge, Years Number of Boys Boys, C.« Girls, C.e. Number of Girls 
4 ( 7 644 9 
5 Y3t 819 12 
Mi 1,161 1,055 26 
7 1,320 1,214 18 
Ss 1,480 1,337 17 
v 1,74 1,511 19 
lt) 1,823 1,740 23 
11 4 1,954 1,782 19 
l ¢ 2,309 2,061 19 
5 2,385 2,288 24 
14 l ? Os 2,525 be 
l s044 2,681 8 
TABLE 2—WeIGHT, NUMBER OF NORMAL Boys AND GIRLS AND VITAL 
Capacity (SEXES SEPARATED) 
Vital Capacity Vital Capacity 
Weight, Kg. Number of Boys Boys, C.e. Girls, C.e. Number of Girls 
10-15 78 693 7 
”) 45 1,071 75 od 
25 oe 1,433 239 
30 i 1,78 34 
35 2v 2 O58 33 
40 as 2 32 13 
45 1] 2,009 ll 
Mw ‘ > mii 6 
5 3, 108 4 





similar period the averages increase from 644 c.c. to 2,381 c.c. Thus 
for the latter the growth in lung capacity amounting to 1,737 c.c. is 
considerably less than that accomplished by the former (2,252 c.c.). 
The data also show the vital capacity to be constantly lower for 
girls than for boys at corresponding ages. 

In Tables 2, 3 and 4 the data are averaged (sexes separated) 
according to body weight (in kg.), standing height (in cm.) and sitting 
height (in cm.), respectively. At this time we will call attention merely 
to the fact that at either corresponding weight, standing height, or 


sitting height, the average vital capacity is constantly greater for the 
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boys than for the girls. The actual averages for the different body 
measurements recorded may be obtained by reference to the proper 
table. 

In addition to presenting data for normal children, we are also able 
to report vital capacity records for five children having bronchiectasis 
(Table 5). These children were examined by one of us, while work- 
ing at the Mayo Clinic. The diagnosis in each instance was confirmed 
by roentgen-ray examination of the lungs. The children gave histories 
of repeated attacks of bronchitis extending over a long period, and at 


TABLE 3.—StTanpinc HeicGHT, NUMBER OF NorMAL Boys AND GIRLS AND 
AVERAGE VitaL Capacity (SExES SEPARATED) 








Standing Vital Capacity Vital Capacity 
Height, Cm. Number of Boys Boys, C.c. Girls, C.e. Number of Girls 

95-100 5 732 625 5 
105 7 850 742 y 
110 1: 967 2 17 
115 19 1,163 21 
120 25 1,323 10 
125 27 1,442 20 
130 33 1,688 16 
135 24 1,790 14 
140 20 1,984 23 
145 15 2,227 25 
150 s 2,413 10 
155 16 2,510 11 
160 13 2,842 





165 7 3,210 2,812 


TABLE 4.—Sittinc HeiGut, NUMBER OF NoRMAL Boys AND GIRLS AND VITAI 
Capacity (Sexes SEPARATED) 


Sitting Vital Capacity Vital Capacity 
Height, Cm. Number of Boys Boys, C.e. Girls, C.e. Number of Girls 

55-57.5 13 855 812 13 
60.0 18 1,074 1,020 26 
62.5 23 1,250 1,149 17 
65.0 39 1,408 1,367 26 
67.5 37 1,624 1,589 21 
70.0 37 1,909 1,823 28 
72.5 19 1,881 21 
750 17 2,075 14 
77.0 15 2.406 17 
80.0 7 2,557 7 





the time seen complained of frequent colds, chronic cough, abundant 
sputum and were in general poor health. With Subjects 1 and 2 
(Table 5) definite clubbing of the terminal phalanges of the fingers 
and toes was noted. Physical examination in each instance revealed 
the presence of numerous coarse rales particularly at the bases of the 
lungs. 

The data (Table 5) show the existence of a considerable reduction 
in vital capacity for the first four patients, which is especially pro- 
nounced (46 per cent.) for Subject 2. Subject 4 was examined on 
a second occasion, and her vital capacity again registered 750 c.c. 
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This time she was instructed to endeavor to free the bronchi of accu- 
mulated secretion by postural cough with the head hanging downward 
and at a lower level than that of the chest. After expectorating a 
considerable amount of sputum in this manner, the vital capacity was 
again recorded, and was found to have increased from 750 to 1,150 c.c. 
For Subject 5 the vital capacity actually exceeded the normal average, 
expected for corresponding age. This girl, however, had been freeing 
the lungs of excessive secretion by means of postural cough for 
several weeks, which possibly was a factor in enabling her to register 
vital capacity equal to the normal. 

Although five cases is too small a number to justify any sweeping 
statements, nevertheless, it appears safe to conclude that bronchiectasis 
usually produces a definite reduction in the vital capacity of the lungs, 
which may be very marked in severe cases. In certain instances, how- 


TABLE 5.—Ace 1n YEARS, STANDING HEIGHT IN CM., WEIGHT IN Ke., VITAL 
Capacity IN C.c., AND NorMAL VITAL CAPACITY FOR CORRESPONDING 


\GE FoR Five CHILDREN HAvING BRONCHIECTASIS 
: Normal Vital 
Case Age Standing Weight, Vital Capacity for 
Number Years Height, Cm. Kg. Capacity, C.c. Corresponding Age, 
Boys C.c. 
l 8 127 21.4 1,000 1,480 
r 4 l 168 41.0 1,375 3,044 
Glris 
3 6 120 94.1 800 1,055 
4 7 121 18.0 750 1,214 
5 12 147 30.5 2,200 2,061 


ever, the vital capacity may be practically normal in spite of the 
presence of definite chronic disease of the lungs. A normal vital 
capacity consequently does not necessarily indicate that the lungs are 
in a perfectly normal condition. 

The vital capacity measurements for five children having tuber- 
culosis are recorded in Table 6. For the two boys the vital capacity 
of the lungs is extremely subnormal. The first boy has an advanced 
and active tuberculosis of the lumbar spine complicated by a large 
psoas abscess. The roentgenograms of the lungs revealed diffuse 
mottling and fibrosis throughout both-lung fields. About six months 
later a second determination was made, and the vital capacity showed 


a decrease from 1,050 to 775 c.c. The hospital records revealed that 
this boy had failed gradually in strength during this period, and was 
in a much poorer general condition than when first examined. 

The second boy’s vital capacity is also greatly reduced. He has a 
healed Pott’s disease of the thoracic vertebrae, with extensive ankylosis 
and a marked kyphosis. Numerous scars of healed sinuses are present 
along the spine. The roentgen-ray revealed a chronic fibroid condition 
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In spite of the enormous reduction in vital capacity, 


able to undergo considerable activity with comparatively 


in the lungs. 
this boy was 
little dyspnea. 

The vital capacity for the first one of the three girls reported is 
practically normal for her age. She had an active tuberculosis of the 
hip with many discharging sinuses. The roentgen-ray revealed normal 
lung fields, and only moderate enlargement and calcification of the 
glands at the root of the lungs. 

The second girl has an advanced and active pulmonary tuberculosis 
with many areas of consolidation in each lung. Numerous rales are 
present on both sides, and examination of the sputum revealed many 
tubercle bacilli. As might be expected, the vital capacity of the lungs 
of this patient was greatly reduced. 


TABLE 6.—Ace, STANDING HEIGHT, WEIGHT, VitaL Capacity, NorMAL VITAL 


CAPACITY FOR CORRESPONDING AGE, LOCATION AND EXTENT OF 
DiseASE FoR Five CHILDREN HAvING TUBERCULOSIS 
‘ Normal 
Standing Vital Vital Capacity Location 
Case Age, Height, Weight, Capacity, for Corre- and Extent of 
Number Years Cm. Kg. C.c, sponding Age Tuberculosis 
Boys: C.e. 
1 13 142 21.8 1,050 2,383 Lumbar spine; psoas 
abscess 
2 15 131 23.2 7 3,044 Thoracic spine; mark 
ed hyphosis: chronic 
fibroid; pulmonary 
tuberculosis 
Girls: 
3 11 138 29.0 1,600 1,782 Hip; many sinuses; 
lungs negative 
4 15 151 50.1 950 2,681 Advanced pulmonary 
tuberculosis 
1 14¢ 25.1 575 ? 288 Advanced pulmonary 


with cavities 


The third girl has an advanced pulmonary tuberculosis with cavities 
present in each lung. At the time the record was made the girl was 
up and about, and practically free from dyspnea on mild exertion, 
in spite of the fact that her vital capacity was only slightly more than 
one third the normal expected for corresponding age. The observation 
recorded was obtained about three months previous to the death of 
the patient. 

These cases illustrate the extreme reduction in the vital capacity 
of the lungs which may result from pulmonary tuberculosis. Undoubt- 
edly, these patients at one time had a normal vital capacity, but 
following the development of a tuberculous infection, the vital capacity 
apparently progressively decreased as the pathologic process advanced. 
Repeated determinations made during this period probably would have 
given striking and unmistakable evidence through the progressive 
diminution in vital capacity, that the pathologic condition present in 


the lungs was gradually increasing. While single measurements of 
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the vital capacity are no doubt of value in detecting the presence of 
pulmonary diseases, repeated determinations are vastly more valuable, 
for changes in the pathologic process present are promptly reflected 
by fluctuations in the vital capacity of the lungs. Therefore, the 
progress of the disease may be followed by noting the effect on the 
vital capacity. Instead of relying on indefinite clinical notes or memory 
regarding the presence of abnormal breath sounds, or extent of areas 
of dulness, etc., recorded on previous examinations, an accurate measure- 
ment in cubic centimeters of the vital capacity of the lungs can be 
established from which except for the normal increase accompanying 
growth there should be very little constant deviation on subsequent 
examinations. The occurrence of any permanent reduction in the 
vital capacity below previous determinations apparently will give 
immediate clue to the development or extension of pathologic processes 
within the chest. 
SUMMARY 


1. The averages for the vital capacity of the lungs of 430 healthy 
children (228 boys ; 202 girls), grouped according to age, weight, stand- 
ing height and sitting height, are recorded. The averages show the 
vital capacity of the lungs to be constantly greater for the boys than 
for the girls of corresponding age and size. 

2. Vital capacity records are reported for five children having 
bronchiectosis and also for five children suffering from tuberculosis, 
which demonstrate the marked reduction in vital capacity which these 


conditions may produce. 

















NEUROPATHIC MANIFESTATIONS IN INFANTS AND 
CHILDREN AS A RESULT OF ANAPHYLACTIC 
REACTION TO FOODS CONTAINED IN 
THEIR DIETARY * 


W. RAY SHANNON, M.D. 


ST. PAUL 


The close association of the exudative and neuropathic diatheses 
suggests a causal relationship. The frequent anaphylactic nature of 
the former * would seem to point toward a similar cause in the latter. 
It is my purpose in this paper to discuss certain nervous manifesta- 
tions in infants and children from the standpoint of anaphylactic cause. 

It is hardly necessary to call attention to the frequent occurrence of 
the exudative and neuropathic diatheses in the same individual. All 
observers recognize the common association. However, it seems to 
have been generally held that this relationship is nothing more than 
accidental. Czerny considered it so.*. He felt that the almost universal 
presence of the neuropathic diathesis in one or both parents of children 
with the exudative diathesis led, as a natural result, to the neurotic 
child. The degree to which the infant was affected by this nervous 
environment determined, to a certain extent, the obstinacy and severity 
of the exudative manifestations. Pfaundler * stated that the sneezing in 
coryza, pertussoid in bronchitis, asthma in bronchiolitis, severe colic 
in enteritis, etc., were dependent, to a certain degree, on the coexistence 
of a neuropathic diathesis along with the exudative diathesis. 

This common association, together with the fact that frequently in 
the same individual the symptoms of one, and again the symptoms of 
the other diathesis, will seem to predominate, led me to the opinion that 
not infrequently the symptoms of both conditions might be due to the 
same underlying factor. Inquiry revealed the fact that often nervous 
patients have a history, either personal or familial, of exudative dis- 
turbances, and the frequent anaphylactic basis for the exudative 
phenomena suggested that the nervous symptoms might also be due 
to this cause. Therefore, this investigation was undertaken to see if 
this might not be the case clinically. 

The cases presented are of three types; first, the type in which the 
symptoms of both diatheses were plainly present; second, the type in 


* Received for publication March 28, 1922. 

* From the Miller Hospital Clinic. 

1. Shannon: Minnesota Med. 5:137. (March) 1922. 

2. Czerny: Monatschr. f. Kinderh. 7:1, 1908. 

3. Pfaundler: (Quoted from Leo Wolf). Jahrb. f. Kinderh., 4:175. 
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which the present symptoms were nervous but in which there was a 
definite exudative history ; and third, the type in which the symptoms 
were those of the neuropathic diathesis without a history of frank 
exudative phenomena preceding. With one case experimentation was 
possible. 

REPORT OF CASES 


Case 1. A girl, 5 vears of age, presented an uriticarial eruption and asthma. 
[he mother stated that the patient was very high-strung and nervous. There 
was a history of hay-fever in the father and of eczema in several cousins. 
Skin tests revealed positive erythematous reactions to several foods of which the 
patient was eating a great deal. Removal of the offending foods from the 
patient’s diet resulted in early relief from nervous manifestations and from 
the uriticaria and asthma. 

Case 2, A boy, 2 years and 8 months of age, had a history of a very itchy 
skin eruption, apparently of an urticarial nature, rather loose stools, and extreme 
nervousness. Whereas he normally slept well at night and took a nap during 
the daytime, of late he would not sleep at all during the day and very poorly 
at night. He was very irritable. 

Cutaneous tests showed erythematous reactions to a number of foods he was 
eating. Modification of the diet and eliminating as much as possible the foods 
to which he was sensitive resulted in complete disappearance of the skin and 
nervous symptoms in two weeks’ time. The child became himself again, was 
not irritable, slept well at night, and took a long nap during the daytime. 

Case 3. A boy, 4 years old, had a history of eczema and asthma. He was 
extremely high-strung and very nervous. His appetite was rather poor and he 
was very finicky about what he ate. He slept poorly at night. The mother 
complained that he could not sit still and that he was very hard to manage. 
Skin tests revealed erythematous reactions to a large number of foods and to 
a number of animal emanations. The diet was regulated and he was instructed 
to stay away from the animals to whose proteins he was sensitive. Relief from 
asthmatic symptoms had occurred nine days later and the eczema had improved 
considerably. Eighteen days after the tests were performed he was still free 
from asthma and there was only a slight chapping of the cheeks. The nervous- 
ness had improved greatly. His general restlessness was gone. He slept better 
at night and slept well during the daytime. His appetite was very good and he 
had gained 2% pounds in weight. At the present time, one month after the 
institution of treatment, the improvement has continued. 

Case 4. A girl, 28 months old, was brought in because of an _ urticarial 
eruption and nervousness. Local treatment for the urticaria only was advised. 
Three weeks later she was brought back. The skin condition seemed improved, 
but the mother stated that the child was very irritable. She was unruly, peevish, 
ate poorly, and did not sleep well. 

Skin-tests revealed positive reactions to a number of foods the patient was 
eating in rather large quantity. These included egg and wheat. A diet was 
advised eliminating, as nearly as possible, the offending foods. Improvement 
was noted one week later but the mother said that she had been giving store 
cookies containing both egg and wheat to the patient. These were discontinued 
and after another interval of two weeks there was considerable improvement, 
especially in the nervousness. The mother asserted that the child “could be 
reasoned with.” On one occasion the patient had been given spaghetti and 
tomatoes for her evening meal and both skin and nervous symptoms were 
much worse thereafter. At the present time, six weeks after the tests were 
performed, the nervousness is gone and the skin is clear. 

Case 5. A boy, 12 years of age, had been subject to eczema when an infant, 
to hives as he grew older, and still later to attacks of asthma. All these symp- 
toms had been absent for a number of years, with the exception that he had 
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had an attack of urticaria a few months previous to the first observation. The 
present complaint was that of fever for the past few days, extreme nervous- 
ness, constant stuffiness in the nose, occasional attacks of vomiting, and frequent 
headaches. He was extremely introspective, cried easily, was very irritable, and 
was constantly “out of sorts.” 

A period of hospital study revealed a chronic inflammatory condition of the 
nasal sinuses. Treatment of this condition resulted in relief from the head- 
aches and disappearance of the fever and nasal obstruction. However, the 
nervousness remained. 

Skin tests revealed sensitization to several foods, a number of pollens, 
although the parents had never suspected the presence of hay-fever, and to 
horse dandruff and dog hair. A diet was advised and the patient instructed to 
stay away from dogs and horses. 

Prompt improvement in the nervous symptoms resulted and this has been 
permanent over a period of seven months, except for a single attack of 
vomiting. 

Case 6. A boy, 8 years old, was brought in because he was extremely irri- 
table, did not eat well, was cruel to his playmates, and was unable to apply 
himself at school. As a result of the latter condition, he spent two years 
in the first grade. 

He had been perfectly normal, except that he had had head colds almost 
from birth until he was 4 years old. At that time he had had a series of 
convulsions without ascribable cause. He was studied by nerve specialists, 
internists, and eye, ear, nose and throat men, the final impression of the physi- 
cian in charge being that the convulsions were due to a “food poisoning” of 
some kind. There had been no convulsions since that time. 

A complete physical examination, including blood, spinal fluid and urine 
studies, Wassermann test, Pirquet test, failed to reveal anything abnormal. 
There was no family history of sensitization phenomena. Cutaneous tests 
revealed positive erythematous reactions to wheat, spinach, egg white, whole 
egg, pear, orange, pea, beef and figs. Questionable reactions were obtained to 
lactalbumin and banana. The patient was instructed to eat no wheat cereal or 
pastries, spinach, egg white, pea, orange, pear, beef, figs, or banana. He was 
to eat rye bread. 

Nothing was heard from him for six weeks, when the mother reported that 
the boy had been a different child from the time he had gone on the diet. His 
irritability was lessened; he was no longer cruel to his playmates; he was 
doing well in school, and his appetite was good. When heard from again three 
months after the diet was instituted the improvement had continued and he had 
made his grade in school without difficulty. 

Cast 7. A boy, 9 years of age, suffered from extreme nervousness and 
attacks of vomiting. The periodic attacks ordinarily came on infrequently, not 
oftener than once a month. Usually he would vomit but once but was always 
indisposed for several days thereafter. Between the attacks he was irritable, 
slept poorly, and was very finicky about what he ate. He was extremely high- 
strung. For the past two weeks he had been vomiting every third day, would 
eat almost nothing between attacks, and was so irritable that he was a prob- 
lem to his parents. 

His past history was negative for protein sensitization, with the possible 
exception that he had been a difficult feeding case from 3 to 14 months of age. 
From that time until four or five years he had been perfectly well. The 
vomiting attacks began at that time. He always coughed when he caught cold. 
When first seen he had been under treatment for some time for nasal sinusitis. 

The immediate family history was negative for asthma, hay-fever, urticaria, 
or eczema. One sister had had similar vomiting attacks at one time in her life. 
One cousin could not eat eggs because they poisoned her. The paternal grand- 
father had had attacks of difficult breathing in his old age which apparently 
resembled asthmatic attacks. 
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Physical examination revealed nothing except that the patient was somewhat 
pale and undernourished. He was, therefore, tested with the foods of his 
dietary. Positive erythematous reactions were obtained to wheat leucosin, wheat 
gliadin, wheat proteose, pea, pineapple, potato and navy bean. The reactions 
to fig, brazii nut and rye were questionable. 

The patient was instructed to eat no peas, navy beans, string beans, lima 
beans, pineapple, figs or brazil nuts. He was to eat potato no more than four 
times weekly, and no wheat cereal or pastries made from wheat flour. Rye 
bread only was to be eaten, with the exception of a small amount of white 
bread toast. Arrowroot or corn-starch were to be used for thickening gravies. 

Improvement was almost immediate. There were no more vomiting spells. 
His appetite became ravenous. The mother said that she could not “fill him 
up.’ All signs of nervous irritability ceased very shortly after the diet was 
instituted. He began to sleep all night and to waken refreshed, which he did 
not do before. During the following month his class standing rose from 
thirteenth, where it had been constantly for five months past, to eighth, without 
any conscious effort on his part. At present, two and a half months after the 
diet was prescribed, there has been no return of either nervousness or vomiting. 

Case 8. Girl, aged 5 months, suffered from undernutrition. 

The family history was unfortunate. The child was illegitimate and nothing 
was known of the father. The mother was committed to an institution for the 
feebleminded after deserting the infant. 

The baby was partially breast fed for two months and since that time had 
been fed on milk mixtures. Cream of wheat was added to the infant's diet and 
seven days thereafter it was noticed that the child was extremely restless. 
There was constant movement of the arms and legs, with jerky movements of 
the entire body. The infant constantly turned and twisted in her crib. She 
cried incessantly day and night and slept but little throughout the twenty-four 
hours. 

No cause was found on physical examination. There was no evidence of 
infection; the skin was clear and the stools normal. The symptoms were 
attributed to a nervous diathesis, dependent on the questionable heritage, and 
bromids were prescribed. These afforded marked relief and were discontinued 
after a short time. The infant immediately reverted to her former condition. 
\gain bromids were given and the condition was controlled for a considerable 
period. However, they gradually lost their effect and about three months later 
(January, 1922), the patient’s condition was as bad as it had been before the 
bromids were started. 

January 25 cutaneous tests were performed with several cereals, vegetables 
and cow’s milk. Positive reactions were obtained to wheat leucosin, proteose 
and globulin. All of the rest were negative. Wheat cereal was discontinued 
and oatmeal substituted. The bromid was discontinued. 

One week later the child’s disposition had changed remarkably so that it 
was noticed by all who came in contact with her. She slept all night and was 
playful and happy during the daytime. She cried but little. She had gained 
7% ounces during a period of four days. 

February 5 cream of wheat was again added instead of the oatmeal. Twelve 
hours later a return of the old irritability was noticeable. She was very restless 
all the next day, turning, twisting, and throwing herself about in her crib. That 
night she slept less well and cried a part of the night. The symptoms continued 
throughout the seventh and that night she cried all night. February 8 the cream 
of wheat was discontinued and oatmeal again substituted. Improvement was 
prompt and by the night of the thirteenth the patient slept all night. By February 
17 she was happy and playful, as she was during the first experimental period. 
Since that time she has remained so. 


Of the cases cited the first four presented skin eruptions. The 
natural explanation for the nervousness in these cases is that it is the 
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reasonable accompaniment of the skin irritation. However, in all but 
Case 1 the nervous manifestations were out of all proportion to the 
severity of the skin lesions. Nevertheless, the nervous disturbances 
cleared up under specific therapy directed at the cutaneous, and, in 
some cases, the respiratory symptoms. Furthermore, in Case 4 the 
skin lesions were better at the time of the second visit than they were 
when the patient was first seen, whereas the nervousness was much 
worse. 

Case 5 presented no skin eruption to account for the nervousness. 
True, there was a chronic focus of infection in the nasal sinuses which 
might, in a measure, have accounted for at least a part of it. However, 
under treatment this focus cleared up without improvement of the 
1ervous symptoms, and it was not until the unexpected, wide-spread 
sensitization was found and treatment directed against this factor was 
instituted that improvement in his neuropathic tendencies occurred. 
Whether the nervous symptoms were due mainly to food, pollen or 
animal sensitization is purely conjectural and immaterial since we should 
expect that they might be the result of all these anaphylactic causes. 

Cases 6 and 7 were purely nervous cases. While an anaphylactic 
basis for Case 7 was suggested by the history of periodic attacks of 
vomiting,* such attacks are also described as being one of the mani- 
festations of the neuropathic diathesis. The results obtained in each case 
were so definite as to leave no doubt that the symptoms complained 
of were due to anaphylactic reactions to foods contained in the diets 
of the patients. In Case 8 it was possible to relieve or bring on the 
nervous symptoms by removing from or adding to the patient’s diet 
the food to which she was sensitive. 

That anaphylaxis might be responsible for nervousness in man 
through irritation of the nervous system is sound theory. Anaphylaxis 
is fundamentally a nervous phenomenon. Besredka emphasized this 
fact and founded his method for the production of shock on this 
principle.© The symptoms as seen in the experimental animal support 
his contention. The extreme irritability and restlessness noted immedi- 
ately on injection, the scratching of the muzzle, frequently the sneezing, 
the dyspnea due to bronchiolar spasm, later the sudden hopping move- 
ments, and finally the convulsion itself are undisputable evidence that the 
nervous system is profoundly affected. 

In man nervous manifestations are inseparably associated with 
anaphylactic phenomena. The extreme nervousness noted in individuals 
accompanying attacks of asthma, hay-fever, urticaria and eczema are 
common knowledge. Often these attacks have been attributed to 

: Schloss: Am. J. Dis. Child. 19:433 (June) 1920. 


Besredka: Anaphylaxis and Antianaphylaxis (English Translation). 
1919, C. V. Mosby Co., St. Louis, p. 13. 
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nervousness, the patient not recognizing the fact that, perhaps, both the 
nervousness and the attack are ascribable to the same cause. 

Che effects of drugs on anaphylactic phenomena are further support 
for the nervous origin of the symptoms. Epinephrin, so valuable in 
asthma and urticaria, atropin and even morphin are notable drugs that 
act on the nervous system. [Even general anesthetics greatly modify 
the character of an anaphylactic shock. 

There is, then, an abnormal condition occurring very commonly in 
infants and children which would seem to give rise fundamentally to 
irritative phenomena of the nervous system. Is it not reasonable that 
such a phenomenon might give rise to all manner of symptoms ascribable 
to nervous origin within the body? Might it not be responsible for 
any of the symptoms frequently placed under the caption of the 
neuropathic diathesis? In fact, is there any limit within the field of 


the so-called functional nervous diseases beyond which such a cause 


could not be operative: 
SUMMARY 

kight cases showing marked evidences of the presence of the 
so-called neuropathic diathesis in infants and children have been 
presented. In four of these definite evidence of the exudative diathesis 
was also present, while in still another there was a positive history of 
such a condition in the past. The remaining three cases gave no 
evidence suggestive of the presence of an exudative diathesis. All the 
patients showed the presence of protein sensitization by cutaneous tests. 
\ll showed definite relief from the nervous symptoms on the institution 
of specific therapy directed at the proteins to which they were sensitive. 
In all but one of the eight cases the proteins concerned were those of 
foods contained in the dietaries of the patients. In one case animal 
emanations or pollen proteins might have played a part. In one case the 
nervous symptoms could be relieved or brought on by the exclusion 
from or the addition to the diet of the food to which the patient was 
sensitive. Evidence is presented showing that anaphylaxis is a sound, 
theoretic basis for the explanation of many of the symptoms of the 
so-called neuropathic diathesis. 

CONCLUSIONS 

1. Many of the symptoms of the neuropathic diathesis in infants 
and children are not infrequently the result of irritation of the nervous 
system resulting from anaphylactic reactions to food proteins to which 
the patient has become sensitized. It is recognized that any protein 
to which the patient is sensitive might also be causative. 

2. The frequent association of the exudative and neuropathic 
diatheses in infancy and childhood is, therefore, something more than 
accidental, the presence of each frequently being attributable to the 


Same cause. 





